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ABSTRACT 22 
The Tapes Complex crops out in the southeastern Nico Pérez Terrane (NPT) of the Río 23 
de la Plata Craton and forms part of a NE-trending Mesoproterozoic belt together with 24 
the Calymmian (1.48-1.43 Ga) Parque UTE and Mina Verdún groups. The complex is 25 
characterized by interbedded/tectonically interleaved metasedimentary (mainly 26 
siliciclastic) and metaultramafic rocks, with subordinate intercalations of  metabasites, 27 
carbonate and chert, all metamorphosed in the greenschist facies. The age of the Tapes 28 
Complex is constrained by: (i) a U-Pb SIMS age of 1360±12 Ma for the youngest 29 
detrital zircon, (ii) the K-Ar age of 1253±32 Ma for synkinematic muscovite of the 30 
Zapicán thrust, which affects the unit, and (iii) an Sm-Nd isochronic age of 1403±150 31 
Ma for ultramafic and mafic rocks. The intruding Tapes Chico Syenite yielded a much 32 
younger U-Pb SIMS age of 601±5 Ma, associated with Brasiliano-Pan African 33 








and 6.68 ‰ V-SMOW and inherited zircons dated at 1774-1756 Ma. The best preserved 35 
mafic and ultramafic samples yielded Nd model ages (TDM ) between 1.55 and 1.68 Ga, 36 
close to the assumed crystallization age, and positive εNd(t). Nd model ages of 37 
metasedimentary vary between 1.8 and 3.1 Ga, which is interpreted as reflecting two 38 
contrasting sources: Archean units of the NPT and Mesoproterozoic mafic and 39 
ultramafic rocks, including fragments of oceanic crust. Chondrite-normalized REE 40 
patterns of metasedimentary rocks are characterized by LREE enrichment and lack of an 41 
Eu anomaly, similar to REE patterns of co-occurring metabasalts. High MgO 42 
concentrations, high Cr/V and low Y/Ni and Th/Sc ratios imply the involvement of 43 
ultramafic rocks in the source area, which is also supported by whole-rock Pb isotope 44 
data. A geodynamic evolution is envisaged, from an extensional tectonic setting 45 
between 1.48-1.43 Ga (rift or retroarc basin) into a compressional, retroarc foreland 46 
basin at ca. 1.25-1.20 Ga, the latter being probably related to the Kibaran Orogeny in 47 
the Namaqua-Natal Belt. It is proposed that the corresponding arc granites and high-48 
grade metamorphic rocks are likely to be found in one f the several terranes in the 49 
Namaqua sector of the belt. The Apiaí Terrane (Ribeira Belt, Brazil) shows a similar 50 
geological record and evolution as the NPT, and maybe a fragment of the latter 51 
displaced to the NW by the Ibaré Shear Zone. The Tapes Complex is a key unit for 52 
understanding the assembly of the Río de la Plata and K lahari cratons, and their 53 
incorporation into the Rodinia supercontinent. 54 
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It was formerly thought that the Río de la Plata Crton (RPC) was rather homogeneous 60 
and largely composed of Paleoproterozoic rocks mainly formed during the 61 
Transamazonian orogenic cycle between 2.2 and 2.0 Ga (e.g. Almeida et al., 1973; 62 
Dalla Salda et al., 1988; Hartmann et al., 2002; Oyhantcabal et al., 2011). No 63 
Mesoproterozoic rocks were known to occur in the RPC. However, Bossi and Campal 64 
(1992) recognized the Nico Pérez Terrane (NPT), which is separated from the 65 
remainder of the RPC (Piedra Alta and Tandilia terranes) by the dextral Sarandí del Yí 66 
shear zone. According to 40Ar-39Ar data on mafic dykes deformed by the shear zone, 67 
accretion of the terrane to the RPC took place betwe n 1370 and 1170 Ma (Teixeira et 68 
al., 1999). Bossi and Navarro (2001) report another 40Ar-39Ar age for the deformed 69 
dykes showing a significant plateau at 1240±5 Ma. This is corroborated by a K-Ar age 70 
of 1253±32 Ma for synkinematic muscovite growth associated with the SE-verging 71 
Zapicán Thrust that is exposed to the east of the Sarandí del Yi shear zone in the NPT 72 
(Figs. 1-2; Bossi et al., 1998; Bossi and Cingolani, 2009). Archean metatonalites south 73 
of Zapicán (Fig. 2), nearby the Zapicán thrust, yielded a U-Pb LA ICP MS zircon 74 
emplacement age of 3096±45 Ma and a lower an intercept age of 1252 Ma, suggesting 75 
partial Pb loss during the Mesoproterozoic event (Gaucher et al., 2011).  76 
Detrital zircon ages of Ediacaran sandstones deposited at both sides of the Sarandí del 77 
Yí shear zone yielded significant Mesoproterozoic zir on populations (Gaucher et al., 78 
2008a; Blanco et al., 2009; Cingolani, 2011), pointing o the occurrence of zircon-79 
bearing rocks of that age in the western RPC, present-day Argentina. Gaucher et al. 80 
(2008a) proposed that the Mesoproterozoic Sunsás Belt ext nded southwards and 81 
bounded the RPC to the west, in what they called th "proto-Andean Mesoproterozoic 82 








Andean Orogen in Argentina (e.g. Fuck et al., 2008), Santos et al. (2008) also 84 
postulated the southward continuation of the Sunsás Belt. This implied that Amazonia 85 
and the RPC were already a coherent block in  Mesoproterozoic times, and represented 86 
the counterpart of Laurentia in the Grenvillian Orogeny (Santos et al., 2008; Gaucher et 87 
al., 2009, 2011), a configuration that had already been proposed on the basis of 88 
paleomagnetic data (Dalziel et al., 2000; Powell et al., 2001; Meert and Lieberman, 89 
2008).  90 
Recent research has shown that the Río de la Plata Cr on includes Mesoproterozoic 91 
rocks at its eastern and western margins, and also at its core. Gaucher et al. (2011, 92 
2014a) reported U-Pb zircon ages for volcanic rocks in the NPT that range from 1.49 to 93 
1.43 Ga (Calymmian). In addition, two metagabbro plutons were dated by U-Pb SIMS 94 
on zircon at 1392±11 Ma and 1193±8 Ma, which intrude the Paleoproterozoic core of 95 
the RPC (Santos et al., 2017). These ages are in thsame range as the 40Ar-39Ar ages of 96 
the mafic dykes that were deformed by the Sarandí del Yí shear zone (Teixeira et al., 97 
1999). Younger, Ediacaran ages reported for mylonites of the Sarandí del Yí Shear 98 
Zone indicate that it was reheated and/or reactivated  least once in the Ediacaran to 99 
Cambrian (Oriolo et al., 2016). However, this does not invalidate the hypothesis of an 100 
earlier Mesoproterozoic accretion of the NPT to the craton, because younger events 101 
usually reset older Ar-Ar or Rb-Sr ages of mylonites or their constituent minerals. 102 
In this paper, we present the results of nearly two decades of geological observations in 103 
the area, combined with U-Pb, Sm-Nd and lithogeochemical data for the Tapes 104 
Complex, a volcanosedimentary succession cropping out in the NPT and mainly 105 
composed by ultramafic and siliciclastic rocks showing greenschist-facies 106 
metamorphism (Gaucher et al., 2014b). The unit was deposited in the Mesoproterozoic 107 








closure of the basin, thus representing a key unit for our understanding of the 109 
Mesoproterozic evolution of the RPC. The main aims of this study are to constrain the 110 
age, sedimentary provenance and tectonic evolution of the Tapes Complex, and to 111 
contribute to the understanding of the Mesoproterozoic evolution of the RPC and its 112 
incorporation into the Rodinia supercontinent.   113 
 114 
2. Geological setting 115 
The first geological map of the "Tapes greenstones" was presented by Díaz et al. (1990), 116 
who described chlorite schists, tremolitites, actinolitites and talc schists as typical 117 
lithologies of the unit. Bossi et al. (1998) included the Tapes greenstones in the informal 118 
"Grenvillian Metamorphic Complex", to which they ten atively assigned a  119 
Mesoproterozoic depositional age. Gaucher et al. (2004) recognized the main outcrop 120 
areas and informally named the unit "siliciclastic-ultrabasic succession". Bossi and 121 
Schipilov (1998) described serpentinite and talc schist occurrences west of the "Tapes 122 
greenstones", in the Zapicán area (Figs. 1-2). Hartmann et al. (2001) proposed the La 123 
China Complex to include metatonalites and metagabbros dated by U-Pb SHRIMP 124 
between 3.4 and 2.7 Ga. Because of their spatial proximity, they included the 125 
metaultramafic rocks of the Zapicán area in the La China Complex, but without 126 
providing geochronological evidence of an Archean age. 127 
More recently, Gaucher et al. (2014b) formally defin d the Tapes Complex as integral 128 
part of the NPT and assigned it to the Ectasian (ca. 1.3 Ga). These authors reported the 129 
occurrence of serpentinites, tremolitites, chlorite-tremolite schists and talc schists, all of 130 
which formed from former ultramafic igneous rocks such as pyroxenite and/or 131 








ranging from quartz-chlorite schist, quartz- and fel spathic metawacke, to subordinate 133 
marl, carbonate and chert.  134 
All contacts of the Tapes Complex with neighbouring u its are tectonic, except for the 135 
intruding Tapes Chico Syenite. In the west, Grenvillian, SE-verging thrusts predominate 136 
(e.g. Zapicán Thrust). In the eastern NPT, late Ediacaran-Cambrian, NW-verging thrusts 137 
with a significant transcurrent component are dominant (e.g. Cerro Partido Thrust, 138 
Puntas del Pan de Azúcar Lineament: Figs. 1-2). It is conceivable, that these lineaments  139 
reactivated older Mesoproterozoic thrusts during the late Neoproterozoic-Cambrian 140 
final stages of the Brasiliano-Pan African orogeny, yet with the opposite sense-of-shear 141 
and vergence. The basement of the complex is unknown, because its lower contact is 142 
not exposed. Gaucher et al. (2014b) delineated two main outcrop areas of the Tapes 143 
Complex (Figs. 1-2): 144 
(a) A southeastern, N30°E-striking belt (Mariscala belt) comprising an area of ca. 300 145 
km2 and extending from just northeast of Minas to the town of Colón in the NE. This 146 
belt is intruded by Neoproterozoic and Cretaceous pl tons and dissected by NE- and 147 
subordinate EW-trending faults, the most important of which is the NW-verging Cerro 148 
Partido Thrust (Díaz et al., 1990; Gaucher et al., 2004; Fig. 2). These faults determine 149 
four outcrops areas, from SW to NE (Fig. 2): Arroyo Perdido, Mariscala, Arroyo Tapes 150 
and Colón (Gaucher et al., 2014b). The outcrop area of the Tapes Complex is confined 151 
by the sinistral Puntas del Pan de Azúcar Lineament to the E (Fig. 1A-B, Oyhantcabal et 152 
al., 2001; Gaucher et al., 2004), and by Cretaceous rift basins to the N and S. 153 
(b) A northwestern, N70°E-striking belt (Zapicán belt, Fig. 2) with ca. 60 km2 of 154 
exposure is separated from the southeastern belt rock units belonging to the Archean La 155 








age (Hartmann et al., 2001). This segment of the Tapes Complex is limited to the NW 157 
by the SE-verging, 1253±32 Ma Zapicán Thrust (Bossi et al., 1998; Bossi and 158 
Cingolani, 2009; Fig. 2), along which Archean rocks of the La China Complex override 159 
the Tapes Complex.  160 
Both outcrop areas are lithologically very similar and the rocks were metamorphosed up 161 
to the greenschist-facies conditions. The only difference is an overprint in the Mariscala 162 
belt of late Brasiliano deformation associated with the sinistral Sierra Ballena Shear 163 
Zone (Figs. 1-2). Thus, Gaucher et al. (2014b) considered the assignment of the Zapicán 164 
belt to the La China Complex (Hartmann et al., 2001) as unwarranted because the latter 165 
unit is mainly composed of Archean plutonic rocks metamorphosed up to amphibolite 166 
facies conditions, which were not reached in the Zapicán area. Furthermore, as will be 167 
shown below, the age of the Tapes Complex is over 2 Gyr younger than the La China 168 
Complex. 169 
Other Mesoproterozoic units of the Nico Pérez Terrane re the Parque UTE Group 170 
(PUG) and Mina Verdún Group (MVG, Poiré et al., 2005; Chiglino et al., 2010; 171 
Gaucher et al., 2011; Poiré, 2014), which occur to the SW of the Tapes Complex (Fig. 172 
1A). These units were previously assigned to the Neoproterozoic and grouped under the 173 
now obsolete terms "Lavalleja Group or Complex"and "Fuente del Puma Formation or 174 
Group" (e.g. Bossi, 1966; Midot, 1984; Bossi et al., 1998; Sánchez Bettucci and Ramos, 175 
1999; Oyhantçabal et al., 2001; see Chiglino et al., 2010 and Gaucher et al., 2014a for a 176 
full discussion). Parque UTE and Mina Verdún groups are characterized by interbedded 177 
volcanic rocks, carbonates and shales that were metamorphosed up to greenschist facies 178 
conditions (Midot, 1984; Chiglino et al., 2010). Metabasalts and metagabbros occur at 179 
the base of the PUG and were dated by U-Pb on zircon at 1492±4 Ma (Oyhantçabal et 180 








lapilli-tuffs, which yielded an U-Pb SIMS zircon age of 1462±4 Ma (Gaucher et al., 182 
2014a). Acid volcanic rocks are mainly rhyolite and acid tuff and up to 300 m thick. 183 
These rocks predominantly occur at the top of the PUG and base of the MVG, and 184 
yielded U-Pb zircon ages of 1429±21 Ma and 1433±6 Ma, respectively (Oyhantçabal et 185 
al., 2005; Gaucher et al., 2011). Because of these age data and similar δ13C curves for 186 
the carbonates, Gaucher et al. (2011) proposed that eposition of the MVG immediately 187 
postdates that of the PUG, and that both units wered posited in the same basin. 188 
The contact between the Parque UTE and Mina Verdún groups and the Tapes Complex 189 
is tectonic, and no sedimentary contact has been observed so far. However, recent 190 
airborne geophysical surveys (Fig. 1B, DINAMIGE, 2015) strongly suggest a continuity 191 
of geological structures between both areas. Low-K, low-gamma-ray intensity ("total-192 
count radiometry") anomalies coupled with magnetometric anomalies characterize a 193 
NE-trending band, 10 km wide by 100 km long, which includes the outcrop areas of the 194 
Mesoproterozoic units (Fig. 1B). The low-K anomalies are easily explained by the 195 
abundance of thick metabasic rocks and carbonates, characterized by low K2O values 196 
between 0.1 and 0.9 % (mean=0.5%) for the metabasalts (Mallmann et al., 2007) and 197 
between 0.1 and 1.5%  (mean=0.45%)  for the carbonates (Chiglino, 2008). In the Tapes 198 
Complex, thick bands of metaultramafic rocks occur, which yielded very low K2O 199 
values <0.05% (Bossi and Schipilov, 2007; Table 1). The magnetometric anomalies 200 
related to the mafic and ultramafic rocks of the PUG and Tapes Complex are caused by 201 
disseminated magnetite in these rocks. The continuity of the low-K anomalies is 202 
interpreted as indicating an uninterrupted, NE-trending Mesoproterozoic belt that 203 
includes the PUG and MVG in the SW and the Tapes Complex in the NE. At its 204 
southwestern termination against the Sarandí del Yí shear zone, the belt is folded (Road 205 








formed during the main, dextral movement along the fault (Fig. 1C) at ca.1.25 Ga (e.g. 207 
Bossi and Cingolani, 2009). A K-Ar whole rock age of 1208±10 Ma of a metabasic rock  208 
close to the fault (Fig. 1C; Gómez Rifas, 1995) is consistent with a Mesoproterozoic 209 
tectonothermal event affecting the region. The crystallization age of these PUG 210 
metabasic rocks has been recently constrained by a zircon U-Pb LA ICP-MS age of 211 
1479±4 Ma (Oriolo et al., 2019). Pb-Pb ages on galena from deposits hosted in the PUG 212 
also suggest metamorphism and deformation around 1.25 Ga (Bossi and Navarro, 2001; 213 
see section 8.1).  214 
The Tapes Chico Syenite is important to constrain the depositional age of the Tapes 215 
Complex, because it shows clear intrusive relationships with the supracrustal units of 216 
the latter unit at its northern edge (Figs.1A-B, 2A). The pluton was mapped by Díaz et 217 
al. (1990) and named "Tapes Chico Granite". As will be shown below, despite the 218 
occurrence of syenogranite, the most common lithology is quartz-syenite; therefore we 219 
propose the name " Tapes Chico Syenite" instead. It is bounded to the NW by the Cerro 220 
Partido Thrust, and to the south by a secondary, N-verging thrust fault (Fig. 2) which 221 
overthrusts muscovite-bearing quartzite and chlorite schist (Cerro del Águila) onto the 222 
pluton (Díaz et al., 1990; Samaniego and García, 2013). To the east, the Tapes Chico 223 
Syenite is in contact with Cretaceous alkaline rocks of the Valle Chico Complex (ca. 224 
130 Ma, Cernuschi et al., 2015).  225 
 226 
3. Materials and methods 227 








A total of 128 petrographic thin sections (30 µm thick) of metasedimentary, 229 
metaultramafic and metabasic rocks were carried out using conventional techniques 230 
(Humphries, 1994) at the laboratories of the Facultd de Ciencias (Montevideo, 231 
Uruguay) and Centro Universitario Regional Este (CURE, Treinta y Tres, Uruguay). 232 
Thin sections were analyzed with a Leica DMLP polarizing microscope and 233 
documented with a Leica DFC 290HD digital camera and corresponding LAS software. 234 
Quantification of mineralogical composition was carried out using Leica Phase Expert 235 
software and by point counting (>300 points/section) f r minerals that could not be 236 
distinguished on the basis of a different colour. 237 
X-Ray diffractometry (XRD) analyses were carried out at the Centro de Investigaciones 238 
Geológicas (La Plata, Argentina) on 9 metaultramafic nd metasedimentary rocks, after 239 
milling with an agate pestle and mortar to reach 5-10 µm grain size. Analyses were 240 
performed directly on the powders ("whole rock"), and also in the clay fraction material 241 
(<2 µm) separated using differential settling in water (Moore and Reynolds, 1989). 242 
Aliquots of the clay fraction were measured as such ("natural sample"), after glycolation 243 
with ethylene glicol vapours and finally after calcination to 550 °C. All samples were 244 
measured with a PANalytical X´Pert PRO diffractometer, with Cu lamp (kα=1.5403 Å) 245 
operated at 40 mA and 40 kV. The samples were measur d from 2 to 40° 2θ, in steps of 246 
0.02°/2 s. 247 
3.2. Lithogeochemistry 248 
Fourteen samples were analyzed at ACTLABS (Ancaster, Canada) using the packages 249 
4LITHO and 4LITHORES, the latter for ultramafic rocks because of the lower detection 250 
limit for Rare Earth Elements (REE). Major elements were determined using an 251 








elements by an Inductively Coupled Plasma-Mass Spectrometer (ICP-MS). In both 253 
cases, a fusion bead was prepared with lithium metaborate/tetraborate and then digested 254 
in diluted nitric acid. The solution was analyzed by a Perkin Elmer Sciex ELAN 6000, 255 
6100 or 9000 ICP-MS. Calibration is performed using ten synthetic calibration 256 
standards. A set of 10 certified reference material is run before and after every batch of 257 
samples. Duplicates are fused and analyzed every 17 samples. The instrument is 258 
recalibrated every 2 trays of samples.  259 
 260 
3.3. Sm-Nd, Sr and Pb isotopes 261 
Whole-rock samples were analyzed for Sm-Nd, Rb-Sr and Pb isotope ratios at the 262 
Department of Geosciences and Natural Resource Management, University of 263 
Copenhagen (Denmark). For a number of samples (indicated in Table 2) Sm-Nd 264 
analyses were carried out at the Universidade Federal o Rio Grande do Sul, Porto 265 
Alegre (Brazil). Rock powders were dissolved using concentrated HNO3, HCl and HF 266 
within SavillexTM beakers on a hotplate at 130°C (reaction time: 72 hours). Sm and Nd 267 
were separated after adding a 149Sm/150Nd spike, and REE were separated with 268 
chromatographic columns charged with 12 ml AG50 W-X 8 (100–200 mesh) cation 269 
resin. Subsequently, Sm and Nd were chromatographiclly separated using  columns 270 
containing Eichrom’sTM LN resin SPS (Part#LN-B25-S). As for Sr, the separation was 271 
achieved on conventional cation exchange columns, followed by extraction in miniature 272 
columns filled with 200 µL of an intensively precleaned, 50-100 mesh, SrSpecTM resin  273 
(Eichrome Inc./Tristchem) and following elution procedures using pure deionized water 274 








Nd isotopes were determined using a Thermal Ionization Mass Spectrometer (TIMS) 276 
VG Sector 54 IT (Copenhagen) and VG Sector 54 (Porto Alegre) set on a static multi-277 
collection mode for Sm isotopes and on a multi-dynamic routine for Nd isotopes, both 278 
using a triple Ta–Re–Ta filament assembly. The measur d Nd isotope ratios were 279 
corrected for mass bias using 146Nd/144Nd = 0.7219. The mean value of 143Nd/144Nd 280 
ratios for the JNdi standard runs during the period in which the samples were analyzed 281 
was 0.512105 ± 5 (2r; n = 8). Precision for 147Sm/144Nd ratios is better than 2% (2r).  282 
1-stage Nd model ages (T1DMNd ) were calculated using a linear 143Nd/144Nd evolution 283 
of the depleted mantle from εNd = 0 at 4600 Ma to a present-day εNd of +10 (Goldstein 284 
et al., 1984). The following formula was used:  285 
 286 
T1DMNd = (1/λ) * ln[{(( 143Nd/144Nd)Sample – 0.51316)/((147Sm/144Nd)Sample – 0.214)} + 1],  287 
 288 
where λ = 6.54 x 10-12 yr-1 (DePaolo, 1988), 0.51316 is the present-day 143Nd/144Nd 289 
of the depleted mantle, 0.214 is the 147Sm/144Nd depleted mantle (McCulloch and Black, 290 
1984), and 143Nd/144NdSample and 147Sm/144NdSample are the measured, respective 291 
calculated present-day isotope ratios.  292 
For samples with 147Sm/144Nd > 0.13 the two-stage model of Keto and Jacobsen 293 
(1987) was used for the calculation of Nd model ages, i. .:  294 
T2DMNd = T1DMNd – (T1DMNd – Tassumed age) * [( fCC - fSample)/(fCC - fDM)],  295 
where f = fSm/Nd = [(
147Sm/144Nd)Sample/
147Sm/144Nd)0CHUR]-1. fDM = 0.08592 is the value 296 
of the depleted mantle reservoir and fCC = -0.4 is that of the continental crust according 297 
to Goldstein et al. (1984). Initial εNd values were calculated from the present-day 298 
parameters of the Chondritic Uniform Reservoir (CHUR), assuming 147Sm/144Nd = 299 








A Ta2O5–H3PO4–HF activator solution was used to dissolve Sr in order to load samples 301 
onto outgassed 99.98% single Re filaments. Measurements were done at 1250–1300 °C 302 
in dynamic multi-collection mode of a VG Sector 54 IT TIMS. The measured 87Sr/86Sr 303 
ratios were corrected using the offset relative to the certified NIST SRM 987 value of 304 
0.710250.  305 
Pb extraction was performed using conventional glass stem anion exchange columns 306 
containing 1 mL of 100–200 mesh Bio-Rad AG 1-8 resin followed by another 307 
extraction step in similar miniature glass exchange columns filled with the same type of 308 
resin. Pb isotopes were determined in a TIMS (VG Sector 54 IT) run on a static multi-309 
collection mode.  Repeated analysis of the NBS 981 standard enabled control 310 
fractionation, which was, on average 0.105 ± 0.008% (2r, n = 5) per amu. Total 311 
procedural blanks remained below 200 pg Pb.  312 
3.4. U-Pb SIMS zircon geochronology, Hf and O isotopes 313 
Two samples were dated by U-Pb Secondary Ions Mass Spectrometry (SIMS), one at 314 
the NordSIM facility in Stockholm (Sweden) and the other at the Institute of Geology 315 
and Geophysics, Chinese Academy of Sciences (Beijing). Zircons were separated 316 
following standard procedures, involving crushing ad milling, panning, heavy-liquid 317 
and magnetic separation and hand picking under a stereomicroscope (Strong and 318 
Driscoll, 2016). 319 
At the Beijing laboratory, zircon from sample U16-21 was analyzed using a Cameca 320 
IMS-1280HR SIMS. The detailed operating and data processing procedures were 321 
described by Li et al. (2009). The primary O2– ion beam has a spot size of about 20×30 322 








c. 7000 (at 50 % peak height) was used to separate Pb+ peaks from isobaric 324 
interferences. An electron multiplier was used to measure secondary ion beam 325 
intensities by peak jumping mode. Analyses of the unknown zircon grains were 326 
interspersed with the Plešovice zircon standard (206Pb/238U age=337 Ma; Sláma et al., 327 
2008). A second zircon standard (Qinghu: Li et al., 2013) was alternately analyzed as an 328 
unknown together with the zircon grains to monitor the uncertainties related to the 329 
Plešovice standard. A long-term uncertainty of 1.5 % (1σ RSD) for 206Pb/238U 330 
measurements of the standard zircons was propagated through the unknowns (Li et al., 331 
2010a). Zircon oxygen isotopic compositions were measured with a Cameca IMS-1280 332 
SIMS, following standard procedures (Li et al., 2010b; Tang et al., 2015). 333 
At the NordSIM facility in Stockholm, detrital zircon from sample MAR 27 was 334 
analyzed using a Cameca IMS-1270 SIMS following the same procedures described 335 
above. Ages were calculated with Isoplot 3.75 (Ludwig, 2012). 336 
In-situ zircon Hf isotopic analysis (sample U16-21) was carried out in Beijing, using a 337 
Neptune multi-collector ICP-MS, equipped with a 193 nm laser; the analytical 338 
procedures were similar to those described by Wu et al. (2006). The zircon Lu–Hf 339 
isotope composition was determined, whenever possible, at the same spot as in the 340 
SIMS U–Pb analyses, with a spot size of 65 µm and an 8 Hz pulse frequency.  341 
 342 
4. Petrography 343 
Samaniego (2016) described in detail the different lithologies that make up the Tapes 344 
Complex (Figs. 3-5). Three different lithologies can be distinguished: hydrated 345 








subordinate metamarl and carbonates). It is worth no ing that the contacts between these 347 
lithologies are generally tectonic; thus no field criteria can be applied to determine their 348 
stratigraphic relationships. Except for limited areas, for example, just south of Mariscala 349 
(Figs. 1-2), the primary sedimentary structures have been obliterated by deformation 350 
and the lack of way-up criteria prevents the determination of the original sequence. 351 
Therefore, the term "complex" applied by Gaucher et al. (2014b) is justified.  352 
Metamorphism reached the greenschist facies in the whole Tapes Complex, as shown 353 
by the following parageneses (e.g. Bucher and Frey, 1994; Winter, 2001, 2014): 354 
Metaultramafic rocks: serpentine + tremolite + chlorite + magnetite ± talc  355 
Metabasic rocks: actinolite +  epidote + clinozoisite + sphene + chlorite + albite ± 356 
tremolite 357 
Metapelite and metawacke: quartz + chlorite + tremolite ± epidote ± biotite 358 
Metamarl: calcite + epidote + tremolite ± chlorite ± sphene 359 
Below we describe the petrography of the main rock types, and also of the intruding 360 
Tapes Chico Syenite. 361 
 362 
4.1. Metaultramafic rocks 363 
The different lithologies in this assemblage can be explained by the metamorphism 364 
and/or metasomatism of peridotitic and pyroxenitic protoliths.  365 
Tremolitite  is the most common rock, and is typically light green, with nematoblastic 366 
texture and crystal size reaching 2 cm. They consist typically of >70 vol. % tremolite, 367 








Relics of olivine (up to 15% in volume) occur in a few samples, mainly in coarse-369 
grained tremolitite (e.g. sample 011021/8, Fig. 4A-B). Tremolite is rarely zoned, with a 370 
pleochroic actinolitic core and tremolitic rim. In coarse-grained tremolitites, chlorite 371 
(5%) crystallizes in the interstices between centime er-large crystals of tremolite (95%), 372 
perhaps replicating an original cumulate texture (Fig. 4C). Olivine crystals show 373 
reaction rims composed of serpentine, chlorite and tremolite (Fig. 4B), which may also 374 
be present along crystals fractures (Fig. 4B, Samaniego, 2016).  375 
Tremolitite occurs as meter-scale intercalations betwe n metasedimentary rocks or as 376 
bodies a few hundred meters thick and several kilometers long, that are locally 377 
associated with regional thrusts (Fig. 2B). The massive tremolitite bodies are interpreted 378 
as being derived from a harzburgitic and dunitic protolith (Bossi and Schipilov, 2007; 379 
Samaniego, 2016). High Cr and Ni concentrations (up to 1920 and 1730 ppm 380 
respectively) and high MgO contents of up to 27 wt. % corroborate an ultramafic 381 
protolith.  382 
Serpentinite is composed of serpentine showing interpenetrating texture, talc, 383 
tremolite, chlorite, dolomite and magnetite (Fig. 4D). Accessory minerals include spinel 384 
and vesuvianite, the latter found near the contact with intrusive granitoids (Samaniego, 385 
2016). Serpentine could be classified as antigorite n the basis of XRD analyses, 386 
specifically through the identification of the three strongest peaks at 7.27, 3.62 and 2.53 387 
Å (Whittaker and Zussman, 1956). The rock is typically dark grey, black or dark green 388 
in colour. Serpentinites usually occur as pods a few meters wide surrounded by well-389 
developed, concentric zones of talc schist (Figs. 3F, H), tremolitite (not always 390 
observed) and dark chloritite (Fig. 4F), the latter possibly representing blackwall 391 








(Fig. 3H) and are arranged in the same manner as the beads of a rosary, which can be 393 
followed for several kilometers along strike.  394 
Talc schist has been mined in the area for nearly a century and there are good exposures 395 
at several open-pit mines. It is made up of up to 98 vol. % talc (Gaucher et al., 2014b), 396 
and variable amounts of magnesian chlorite (penninite or clinochlore; Fig. 4E). 397 
Tremolite also occurs, either disseminated or as large porphyroblasts (Fig. 3G) at the 398 
expense of talc. The main accessory minerals are hematit  (up to 5 vol. %) and rutile 399 
(up to 1.5 vol. %). The purest talc schist is generally associated with fault zones, since 400 
both high pressures and the circulation of fluids through the fault favor the formation of 401 
talc (Pohl, 1992). In many cases it is observed that the talc bodies have a thickness of 1-402 
5 m and are interbedded with chlorite schist (metaplite) and metawacke (Fig. 2B), 403 
possibly indicating a volcanic or subvolcanic (i.e. sills) origin for the protolith.  404 
The protolith of the talc schist must have been an ultramafic rock, because of the very 405 
high magnesium contents (27-32% MgO, Table 1) and high concentrations of Cr (up to 406 
2430 ppm, Table 1) and Ni (up to 3280 ppm: Gaucher et al., 2014b). Talc pods typically 407 
preserve relicts of serpentinite inside, a common feature of ultramafic rock assemblages 408 
(e.g. Karlsen et al., 2000). Thus, an ultramafic protolith and its hydrothermal alteration 409 
at probably low temperatures explain the genesis of the talc schists.  410 
Chlorite-tremolite-talc schist is quite common and may grade into the pure end-411 
members: tremolitite and talc schist. The main difference from sedimentary chlorite 412 
schists (metapelite) is the absence of quartz and feldspars, and the abundance of 413 
tremolite and/or talc, which may comprise up to 30-50 vol. % of the rock. It is clear that 414 








suggested by the absence of quartz, MgO contents of up to 32 wt. % and very high Ni 416 
concentrations (>2000 ppm, Table 1).  417 
 418 
4.2. Metabasic rocks 419 
Metabasic rocks are comparatively rare in the Tapes Complex. They are grano- to 420 
nematoblastic, poorly foliated rocks characteristically composed of actinolite, tremolite, 421 
epidote, clinozoisite, sphene, chlorite and albite (Figs. 4G-H). At point CPA 80 (Fig. 2) 422 
a 2m-thick actinolitite intercalation between metasdimentary units occurs, which is 423 
made up of  57 vol. % actinolite, 43 vol. % chlorite and trace amounts of tremolite and 424 
rutile. The observed parageneses are typical of greenschist-facies metabasic rocks (e.g. 425 
Winter, 2014). Geochemical data imply a basaltic protolith (see below). 426 
 427 
4.3. Metasedimentary rocks 428 
The most common metasedimentary rocks of the Tapes Complex are siliciclastic: 429 
metawackes and quartz-chlorite schists. The latter rock type should not be confused 430 
with the chlorite-tremolite-talc schist (see above) that formed from an ultramafic 431 
precursor rock. Subordinate carbonate rocks occur in the form of limestone and 432 
metamarl. 433 
Meta(grey)wacke is very common, yellowish or orange in outcrop (greenish grey or 434 
green when fresh: Fig. 3B) and has a banded appearance. Size grading into metapelite is 435 
observed in the least deformed areas (Fig. 3B). Quartz-metawacke contains more or less 436 
elongated (stretched) clasts of polycrystalline quartz (49-38 vol. %) that occur in a 437 








orthoclase clasts are also present. In one sample, granitic lithoclasts were observed. 439 
Accessory minerals include hematite (up to 2 vol. %) and rutile (up to 1 vol. %). 440 
Feldspathic metagreywacke also occurs and is made up of plagioclase, orthoclase and 441 
quartz clasts in a chlorite-carbonate matrix. Sample MAR 27 (=080204/3), which was 442 
used for U-Pb zircon dating, is composed of 30 vol.% plagioclase clasts and 443 
plagioclase-bearing (basic) lithoclasts that are up to 2 mm in diameter, 60 vol. % 444 
chlorite + quartz matrix, 7 vol. % epidote and 3 vol. % sphene + opaque minerals (Fig. 445 
5A-B). To the south of Mariscala, lithic metagraywacke occurs, which contain well-446 
preserved ophitic basalt clasts (Fig. 5C-D), with plagioclase laths surrounded by large 447 
epidote crystals. Normal size grading in beds 5-20 cm thick is observed, suggesting that 448 
the Tapes metagreywackes are of turbiditic origin, as postulated for the majority of 449 
these rocks elsewhere (e.g. Pettijohn et al., 1987; Tucker, 2001). Stratabound pyrite is 450 
locally abundant, suggesting an euxinic depositional e vironment. 451 
Quartz-chlorite schist is the most abundant metasedimentary rock. The rocks are green 452 
and well foliated (Fig. 3A), showing lepidoblastic texture under the microscope. The 453 
main component (95-45 vol. %) is magnesian chlorite (penninite). Quartz (5-43 vol. %) 454 
is fine-grained and occurs mainly as mm-thick laminae. Accessory minerals include 455 
magnetite, hematite and rutile and, less commonly, tremolite and talc (up to 4 vol. % 456 
and 2.5 vol. % respectively). According to compositi n and texture, the protoliths are 457 
interpreted as pelites and cherts. Outcrops to the south of Mariscala preserve the original 458 
(sedimentary) lamination (Figs. 3D, 5E-F). Two such well-preserved metapelite 459 
samples yielded modal compositions of: 56 vol. % chlorite, 34 vol. % quartz and 10 vol. 460 
% magnetite (sample MAR 52D), and 51 vol. % chlorite, 43 vol. % quartz and 7 vol. % 461 
magnetite (sample MAR 52E). These rocks are interbedded there with metamarl (see 462 







Metamarl  (Fig. 3E, 5G) is composed of 40-55 vol. % fine-grained calcite (100-150  464 
µm), 5-30 vol. % epidote (clinozoisite), 10-30 vol. % quartz, 7-20 vol. % tremolite and 465 
lesser amounts of chlorite, feldspar clasts and sphene. Metamarl occurs either as single 466 
beds up to a couple of meters in thickness or, more c mmonly, as marl-pelite rhythmites 467 
(Fig. 3E). In the latter, cm- to mm-thick laminae of metamarl alternate with metapelite 468 
(mainly quartz-chlorite schist), indicating a quiet d positional environment below wave-469 
base. This is corroborated by high organic matter contents and disseminated pyrite in 470 
the metapelites, suggesting anoxic conditions. 471 
Limestone is a subordinate component of the Tapes Complex, but in the Mariscala area 472 
reaches 200 m in thickness. The rocks are dark grey and fine-grained, showing dm- to 473 
cm-thick bedding. Their modal composition is 80 vol, % calcite (grain size: 100 µm), 15 474 
vol. % tremolite and 5 vol. % quartz. 475 
Chert occurs as mm- to dm-thick intercalations in metapelite or as several meter-thick 476 
beds. Microscopically, they are composed of microcrystalline quartz. In a few outcrops, 477 
stratabound pyrite occurs (Fig. 3C), suggesting euxinic depositional conditions. 478 
 479 
4.4. Tapes Chico Syenite 480 
This pluton is characterized by isotropic, coarse grained and undeformed rocks, except 481 
for minor cataclastic rocks faults (Fig. 6A-B). Both quartz syenite (the most common 482 
lithology) and syenogranite (Fig. 6E) have been observed, quartz contents ranging  483 
between 13-26 vol. %. The rocks are rather homogeneous, porphyritic, with phenocrysts 484 
of up to 5 cm long (Fig. 6A) composed mainly of perthitic orthoclase, microcline and 485 








up between 10 and 17 vol %, and are typically hornblende and green biotite. Plagioclase 487 
is consistently oligoclase and its content varies btween 13 and 21 vol %. Sphene, 488 
always associated with amphibole, is ubiquitous as an accessory mineral and reaches 489 
1.5 % in volume (Fig. 6F). At the contact with supracrustals of the Tapes Complex, the 490 
Tapes Chico Syenite develops a chilled margin with subvolcanic rocks of trachytic 491 
composition and texture, characterized by elongate phenocrysts of alkali feldspar in a 492 
fine-grained, greenish matrix. Xenoliths of mafic and ultramafic rocks occur in the 493 
pluton (Fig. 6B). 494 
U16-21 (site MAR 51, Fig. 6), is a coarse-grained, porphyric syenite, which was used 495 
for zircon U-Pb SIMS age dating. The syenite is unmeta orphosed and consists of cm-496 
sized perthitic K-feldspar phenocrysts (46 vol. % orth clase and 18 vol. % microcline), 497 
plagioclase (13 vol. % oligoclase) with oscillatory zoning, green biotite (3 vol. %), 498 
calcic amphibole (9 vol. %) and quartz (11 vol. %) with undulose extinction. Sphene, 499 
minor opaque phases and zircon are accessory phases. Sphene is closely associated with 500 
amphibole and either occurs within amphibole or at its grain boundaries.  501 
In accordance with its modal composition, the sample plots in the trachyte field in the 502 
total alkali versus SiO2 (TAS) classification diagram (Fig. 7G). In the molar 503 
Al 2O3/(CaO+Na2O+K2O) versus molar Al2O3/(Na2O+K2O) diagram (Shand, 1943), the 504 
sample plots in the metaluminous field. 505 
 506 
5. Whole-rock geochemistry 507 
Except for the pilot studies of Bossi and Schipilov (2007) and Gaucher et al. (2014b; 508 
Table 1) the geochemistry of metaultramafic rocks of the Tapes Complex has not been 509 







metaultramafic and metasedimentary rocks. Furthermore, two samples yielded a 511 
composition suggesting a basaltic protolith, which was previously unknown for the 512 
Tapes Complex. 513 
 514 
5.1. Metasedimentary rocks 515 
As expected, metasedimentary rocks have much lower MgO values (<11.2 wt. %, 516 
mean=6.9 wt. %), higher Na2O+K2O (up to 5.5 wt. %, mean=3.4 wt. %) and higher 517 
Al 2O3 concentrations (mean=13.5 wt. %) than the associated metaultramafic rocks (Fig. 518 
7). Greywackes exhibit high Na2O concentrations between 3.2 and 4.1 wt. %, which are 519 
most likely the result of the high content of albitic feldspar (Pettijohn et al., 1987). In 520 
addition, metasedimentary rocks are characterized by lower Cr (<540 ppm, mean=210 521 
ppm) and Ni (<600 ppm, mean=176 ppm) concentrations and higher V values (up to 522 
183 ppm, mean=129 ppm) compared to metaultramafic rocks. 523 
REE+Y concentrations compared to PAAS (Post Archean Australian Shale, Taylor and 524 
McLennan, 1985) are similar for all clastic rocks (metapelites and metawackes), 525 
exhibiting strong positive Eu, negative Ce and slight y negative Y anomalies (Fig. 8A). 526 
Metamarl sample MAR 22 shows no Eu anomaly, a negative Ce anomaly and a strong, 527 
positive Y anomaly. Not surprisingly, the metamarl REE+Y values are the closest to 528 
modern seawater (Alibo and Nozaki, 1999), including heavy REE (HREE) enrichment 529 
relative to light REE (LREE), Y and Ce anomalies (Fig. 8A). It is worth noting that 530 
clastic rocks of the Tapes Complex (black lines in Figs. 8A-B) yield a REE+Y 531 
distribution that closely resembles that of co-occurring metabasites (green lines in Figs. 532 
8A-B), including a large, positive Eu anomaly when normalized against PAAS (Fig. 533 







metasedimentary rocks (Fig. 8B) exhibit compositions bracketed between that of E-535 
MORB and OIB basalts, with moderate to strong LREE enrichment, which increases in 536 
coarser-grained rocks (metagreywackes). No significant Eu anomaly is observed, and 537 
HREEs present a flat distribution.  538 
Low average Th (2.0 ppm) and U (0.4 ppm) concentrations in siliciclastic 539 
metasedimentary rocks are more than 5 times lower than the UCC (Upper Continental 540 
Crust) average of 10.7 and 2.8 ppm, respectively (McLennan et al., 2006). Th/U ratios 541 
range between 4 and 6 (mean=5.2), near or slightly above the average UCC composition 542 
(McLennan, 1989) 543 
Th/Sc varies between 0.03 and 0.78 (mean=0.25), lower than the UCC value of 0.78 544 
(McLennan et al., 2006) and similar to active margin turbidite ratios (McLennan et al., 545 
1993). Sc concentrations reach 22 ppm, and except for one sample all exceed the UCC 546 
mean of 11 ppm, showing the influence of a less evolv d source. 547 
Zr/Sc ranges between 2.5 and 20.5 (mean=9.7), again sim lar to active margin turbidites 548 
and indicating a low degree of sedimentary reworking (McLennan et al., 1993), in line 549 
with the available petrographic evidence for sandstones (immature, feldspathic 550 
greywackes). In the Th-Sc-Zr/10 and Th-Co-Zr/10 diagram of Bhatia and Crook (1986), 551 
samples plot within or near the ocean island arc field (see Fig. 16A), probably due to a 552 
mafic/ultramafic source. 553 
Mean Cr/V and Y/Ni  ratios equal 1.7 and 0.35 and hint at the influence of a mafic/ 554 
ultramafic source (McLennan et al., 1993). A high aver ge MgO concentration of 6.5 555 
wt. % (maximum=11.2 wt. %), several times the mean shale values (Hu and Gao, 2008) 556 








The Chemical Index of Alteration (CIA: Nesbitt and Young, 1982) was calculated for 558 
four samples (metapelite and metawacke) using the corr tion proposed by McLennan 559 
(1993) for CaO*. The obtained values fall within a rrow range of 66-75 (mean=69), 560 
indicating little weathering (e.g. Bahlburg and Dobrzinski, 2011). 561 
 562 
5.2. Metaultramafic and metabasic rocks 563 
Metaultramafic rocks have high MgO concentrations between 21.4 and 35.1 wt. % 564 
(mean=28.3 wt. %; Table 1, Fig. 7) and silica concentrations of 38.4 to 57.4 wt. % (Fig. 565 
7). Al2O3 concentrations are very variable between 0.27 and 12.8 wt. % (mean=3.55 wt. 566 
%), the highest values were measured for chlorite schists. Total iron ranges between 5.4 567 
and 15.9 wt. % (mean=9.0 wt. %); the highest concentrations were observed in the 568 
Zapicán area.  569 
High Cr (up to 1920 ppm, mean=954 ppm) and Ni values ( p to 2570 ppm, mean=1804 570 
ppm) were determined. Chloritic talc-schist samples analyzed by Gaucher et al. (2014b) 571 
yielded the highest Cr and Ni concentrations of 2430 ppm and 3280 ppm, respectively 572 
(Table 1). Chondrite-normalized REE distribution of metaultramafic rocks is 573 
characterized by LREE enrichment, a negative Eu anom ly and negative or no Ce 574 
anomaly (Fig. 8C-D). Whereas HREE show near-chondritic concentrations, LREE are 575 
enriched 2 to 10-fold (one sample up to 37-fold) compared to chondritic values (Fig. 576 
8C-D).  Similar REE distributions have been reported for different types of ultramafic 577 
and metaultramafic rocks, including ocean floor peridotites, serpentinized harzburgites 578 
and dunites, and metakomatiites (Frey et al., 1971; Frey, 1984; Remus et al., 1993). In 579 
the study of Deschamps et al. (2013), subducted serpentinites show REE patterns 580 








serpentinites (Deschamps et al., 2013) found in the Tapes serpentinites are Yb and Ti 582 
enrichment and lower loss on ignition (LOI <11.2 %). 583 
Two metabasite samples analyzed plot in the basalt field in the total alkali vs silica 584 
(TAS) diagram (Fig. 7G) and in the Zr/Ti vs Nb/Y diagram of Winchester and Floyd 585 
(1977, modified by Pearce, 1996, not shown). These rocks can be distinguished from  586 
ultramafic rocks by lower MgO values (up to 10 wt. %) and higher concentrations of 587 
Al 2O3 (6.3-16.8 wt. %), CaO (14.3-15.9 wt. %), Fe2O3 (8.3-16.8 wt. %) and Na2O 588 
(0.25-1.2 wt. %, see Fig. 7A-F). Cr (70-210 ppm) and Ni (50-80 ppm) concentrations 589 
are more than one order of magnitude lower than in metaultramafic rocks. Chondrite-590 
normalized REE distribution shows a marked LREE enrichment and a negative Ce 591 
anomaly, which is analogous to samples with ultramafic protolith (Fig. 8C-D). The 592 
metabasic rocks have significantly higher REE concentrations than the ultramafic rocks 593 
and a positive Eu anomaly (Fig. 8C-D).  594 
 595 
6. Sm-Nd, Sr and Pb isotopes 596 
6.1. Sm-Nd isotopes 597 
A total of 34 Sm and Nd whole-rock isotope analyses w re carried out on 31 samples of 598 
the Tapes Complex, including 16 metaigneous and 15 metasedimentary samples (Table 599 
2).  600 
Metasedimentary rocks (Fig. 9C-D) yielded Archean to Paleoproterozoic model ages 601 
between 3.1 and 1.8 Ga (mean=2.56 Ga), and negative εNd (t) values (for t=1300 Ma) 602 
between -21 and -0.6 (mean=-8.7). The youngest model ages (1.8 to 2.3 Ga) and least 603 








characterized by a smaller, subordinate detrital component and a major chemogenic 605 
(seawater) component. Meta(grey)wackes and metapelitic rocks have mainly Archean 606 
TDM values (64%) and less commonly (36%) Paleoproterozoic model ages between  2.2 607 
and 2.4 Ga.  608 
Metaultramafic and metabasic rocks yielded Nd model ag s and εNd (t=1400 Ma) 609 
values that can be divided into three different groups (Fig. 9A-B): (1) Late 610 
Paleoproterozoic-Mesoproterozoic, between 1.55 and 1.68 Ga, with positive εNd (t) 611 
between 2.5 and 5 (n=2),  (2) Early Paleoproterozoic between 2.41 and 2.46 Ga and 612 
εNd(t) consistently around -6 (mean=-6.0, n=5), and (3) Archean, with TDM between 2.6 613 
and 3.3 Ga and negative εNd (t) between -6.7 and -17 (mean=-13.9, n=11). Group 1, 614 
with the youngest TDM, includes one metaperidotite with olivine relicts, which is the 615 
best-preserved ultramafic rock in the Tapes Complex (Fig. 4A-B). 616 
Group 2, of 5 mafic and ultramafic samples with TDM consistently between 2.41-2.46 617 
Ga and εNd (t) around -6 yield an Sm-Nd isochron of 1403 Ma ± 150 Ma (r=0.998; Fig. 618 
10). Despite the relatively large error, the age is here considered geologically significant 619 
because it is similar to U-Pb crystallization ages of bimodal volcanism in the PUG in 620 
the southern NPT (Gaucher et al., 2011, 2014; Oriolo et al., 2019; see below), and 621 
supports a Mesoproterozoic intrusion age of these rocks. 622 
 623 
6.2. Sr isotopes 624 
A total of 18 samples were analyzed for their 87Sr/86Sr ratios: three limestone and marls 625 








Limestone and marl yielded high 87Sr/86Sr values of 0.7125 to 0.7244, which are too 627 
high to represent coeval seawater values (e.g. Shields, 2007) and cannot be used for 628 
geochronology. The lowest 87Sr/86Sr ratios were measured for a metabasic rock 629 
(0.7048), a metapelite (0.7057) and a metagreywacke (0.7063, Table 3). The similar Sr 630 
isotope ratios of basic and siliciclastic rocks may be explained by derivation of the 631 
metawackes from basic volcanic rocks, as also indicated by the REE+Y data and Nd 632 
isotopes (see above). This heritage is not surprising as the metagreywackes contain 633 
lithoclasts of basic volcanic rocks. 634 
Ultramafic rocks have a large variation in 87Sr/86Sr ratios (0.7078 to 0.7518), with most 635 
values close to 0.72. These values do neither repres nt primary (mantle) ratios nor do 636 
the measured Sr isotope ratios represent interaction with seawater, given 87Sr/86Sr 637 
seawater values of ca. 0.7050 for the 1.45-1.30 Ga period (Kuznetsov et al., 2014). 638 
Interaction with more radiogenic fluids during metamorphism and hydrothermal 639 
alteration is a possible explanation for the high values observed. When plotted in a εNd 640 
(t) vs.  87Sr/86Sr diagram (Fig. 11A) all samples, regardless of their origin, show 641 
decreasing εNd (t) with increasing 87Sr/86Sr, which can be regarded as an alteration 642 
trend during metamorphism and/or metasomatism. Moreover, 87Sr/86Sr values of mafic 643 
and ultramafic samples increase markedly with decreasing Sr concentrations (Fig. 11B), 644 
which has been regarded as the result of enhanced fluid flux during hydrothermal 645 
alteration both for mafic/ultramafic rocks (Delacour et al., 2008) and carbonates 646 
(Jacobsen and Kaufman, 1999).  647 
 648 








Pb isotope ratios were determined for 18 samples (Table 3), including metasedimentary, 650 
metaultramafic and metabasic rocks. Except for two samples with µ> 10, the majority 651 
of samples show 206Pb/204Pb values ranging between 16.50 and 19.62, 207Pb/204Pb from 652 
15.17 to 15.67 and 208Pb/204Pb between 36.86 and 41.43.  653 
Both metasedimentary and metaigneous samples plot in the lower crust field of the 654 
Zartman and Doe (1981) diagram (Fig. 12A-B). The lower crust is characterized by 655 
lower U/Pb and µ (=238U/204Pb) ratios than the upper crust, leading to lower 206Pb/204Pb 656 
and 207Pb/204Pb ratios (Zartman and Doe, 1981). The Tapes Complex igneous samples 657 
show a clear lower crustal signature, which could be due to contamination during 658 
magma ascent through the crust. Interestingly, metasedimentary samples plot in the 659 
same field and show little scatter towards the upper crust field (Fig. 12). The similar Pb 660 
isotope composition of metasedimentary and metabasic rocks in combination with 661 
similar REE+Y patterns (Fig. 8A), similar εNd (t) and Nd model ages (Fig. 9) and 662 
87Sr/86Sr ratios strongly support provenance of the siliciclastic rocks from a source area 663 
dominated by basic volcanic rocks. 664 
Six basic and ultrabasic samples from both the Marisc la and Zapicán belts define a 665 
linear array with  a high correlation coefficient (r=0.983) in a 207Pb/204Pb vs. 206Pb/204Pb 666 
diagram (Fig. 12C), meaning that they likely derive from the same Pb reservoir and are 667 
possibly cogenetic. The calculated µ value for this source is 9.808, which is similar to 668 
the average continental crust value of 9.735 (Stacey nd Kramers, 1975). The time of 669 
separation from their source is indicated by the lower intercept of the regression line 670 
with the µ curve at ca. 2.1 Ga.   671 
 672 








We dated two samples by U-Pb SIMS to constrain the age of the Tapes Complex. 674 
Sample U16-21, from site MAR 51 to the north of Mariscala (Fig. 2), is a coarse-675 
grained quartz syenite (see above; Fig. 6) of the Tapes Chico Syenite, which intrudes 676 
the Tapes Complex. Zircon crystals are euhedral, prismatic and strongly zoned, with 677 
Th/U values between 0.70 and 3.14 (mean=1.49). Twelve analyses (cores) determine a 678 
concordant age of 601 ± 5 Ma (2σ, 95 % confidence level, Fig. 13), which is interprted 679 
as the crystallization age of the syenite and the minimum age of the Tapes Complex. 680 
δ18O values on zircon range between 5.45 and 6.68 ‰ V-SMOW (Fig. 13, Table 4), 681 
with 12 of 13 analyses outside the mantle field of 5.3 ± 0.3 ‰ (Valley et al., 2005). 682 
Zircon εHf(t) values vary between -52 and -26, with a mean of -31. Corresponding TDM 683 
model ages range between 4.22 and 2.84 Ga, with a mean of 3.09 Ga (Table 4). Two 684 
xenocrysts were also dated, which yielded Pb-Pb ages of 1774±10 Ma and 1756±11 Ma, 685 
and Archean Hf model ages, which match the crystallization age and model ages of 686 
rapakivi granites of the NPT (Mallmann et al., 2007; Oriolo et al., 2019).  687 
A reconnaissance U-Pb detrital zircon study was carried out on sample MAR 27 (Table 688 
4), which is a coarse-grained, epidote-rich, feldspathic metagreywacke (Fig. 5A-B) of 689 
the Tapes Complex cropping out just south of Mariscla (Fig. 2). Zircons are scarce and 690 
well rounded, showing that they are detrital in nature (Fig. 14). Nine grains yielded 691 
concordant U-Pb SIMS ages, the youngest of which is 1360±12 Ma (206Pb-238U, >95% 692 
concordant), providing a maximum age constraint for deposition of the 693 
metasedimentary rocks of the Tapes Complex. The main population clusters around 694 
1.46 Ga, matching the age of bimodal volcanic rocks of the PUG (Gaucher et al., 2011, 695 
2014a). The oldest concordant analyses yielded ages of 1579±14 Ma and 1624±14 Ma 696 
(Fig. 14), which do not match any known units in the NPT or elsewhere in Uruguay. It 697 








single detrital grain age is compatible with depositi nal age in >90% of the studied 699 
units, and therefore can be confidently used to constrain the maximum depositional age 700 
of the Tapes Complex. 701 
 702 
8. Discussion 703 
8.1. Age of the Tapes Complex and regional correlations 704 
The age of metagreywackes of the Tapes Complex is con trained between the U-Pb age 705 
of the youngest detrital zircon (1360±12 Ma, Fig. 14) and the K-Ar age of the Zapicán 706 
Thrust (1253±32 Ma, Bossi and Cingolani, 2009), which cross-cuts the unit. The Sm-707 
Nd isochron of 1403 Ma ± 150 Ma (Fig. 10) obtained for mafic and ultramafic samples 708 
of group 2 (Fig. 9)  corroborates a Mesoproterozoic, probably Ectasian age for the bulk 709 
of the Tapes Complex, in contrast to earlier propositions of a late Neoproterozoic age 710 
for the metasedimentary succession. The U-Pb age of the intrusive Tapes Chico Syenite 711 
of 601±5 Ma fails to provide a more precise minimum age constraint. However, it 712 
shows that the NW-verging Cerro Partido Thrust (Fig. 2) and other subparallel 713 
structures are late Ediacaran or early Cambrian in age, because they cross-cut the 714 
pluton. Furthermore, δ18O ratios higher than mantle values (12 of 13 analyses), very 715 
negative εHf values and Archean model ages are consistent with a derivation of the 716 
magma from partial melting of Archean basement (e.g. La China Complex) and/or 717 
metasedimentary units (Tapes Complex?), as shown for I-type granites in Australia 718 
(Kemp et al., 2007). A contribution of Statherian rpakivi granites is indicated by 719 
inherited ages around 1.75 Ga. The highly enriched Hf isotope composition (Table 4) is 720 








The question arises if some of the mafic or ultramafic bodies, which in some cases are 722 
tectonically interleaved with the metasedimentary rocks of the Tapes Complex, could be 723 
older. The PUG farther to the south in the NPT is characterized by bimodal magmatism, 724 
including a thick pile of basalts and gabbros (Cañad  Espinillo Formation: Chiglino et 725 
al., 2010), which according to Midot (1984) reaches 800 m in thickness. The basic rocks 726 
were dated by U-Pb LA ICP-MS on zircon at 1482±6 and 1479±4 Ma (Oriolo et al., 727 
2019), and the acid pyroclastic rocks associated with the top of the basic volcanic pile 728 
(Nueva Carrara Formation) yielded a U-Pb SIMS zircon age of 1462±4 Ma (Gaucher et 729 
al., 2014a). Because of the large uncertainty, our Sm-Nd isochron does not allow us to 730 
distinguish between these Calymmian ages and younger, Ectasian ones. Nevertheless, 731 
detrital zircon ages show that the 1.48-1.43 Ga volcanic rocks acted as a source of the 732 
metagreywackes of the Tapes Complex, and therefore they must pre-date them. 733 
Furthermore, ultramafic rocks are very rare in the PUG, with metabasalts and 734 
metagabbros dominating the assemblage (Midot, 1984; Sánchez Bettucci and Ramos, 735 
1999; Mallmann et al., 2007). The opposite is true in the Tapes Complex, where 736 
metaultramafic rocks are the dominant igneous lithology (e.g. Fig. 2B). 737 
The metasedimentary succession of the PUG and MVG also differs markedly from that 738 
of the Tapes Complex. Whereas in the former units shallow-water, stromatolitic 739 
limestone and dolostone dominate the succession (Poiré et al., 2005; Chiglino et al., 740 
2010; Gaucher et al., 2011) the Tapes metasedimentary succession is dominated by 741 
immature siliciclastic rocks such as metagreywackes of probable turbiditic origin. 742 
Carbonates in the Tapes Complex are very subordinate and were likely deposited in a 743 
deeper water environment, as exemplified by marl-pelite rhythmites (Fig. 3E).  744 
The metamorphic overprint of the PUG and MVG is constrained by a K-Ar whole rock 745 








crystallization age of 1480 Ma (Oriolo et al., 2019, see above). Bossi and Navarro 747 
(2001) presented Pb isotope data for four different galena deposits hosted in the PUG, 748 
which we processed using Isoplot (Ludwig, 2012). The analyses define a linear array 749 
(an isochron), which intercepts the growth curve at 1.28 Ga. Two analyses (La Oriental 750 
and Valencia mines) lie on the Pb growth curve and yielded two-stage Pb-Pb ages 751 
(Stacey and Kramers, 1975) of 1267 and 1218 Ma. Taken together, they define an 752 
intercept with the growth curve at 1242 Ma (Fig. 15), which is essentially the same as 753 
the whole-rock K-Ar age of metagabbros of the PUG and the K-Ar age of synkinematic 754 
muscovite of the Zapicán Thrust. It is worth noting that the Valencia Mine galena 755 
mineralization is unconformable, occurring as veins that cross-cut the host rocks (Bossi, 756 
1978), showing a post-depositional origin and/or meta orphic remobilization. As for 757 
the La Oriental Mine, although the main mineralization is stratabound, Midot (1984) 758 
suggests that extensive tectonic remobilization took place, as shown by the occurrence 759 
of carbonate-sulfide stockworks. Thus, the Tapes Complex and the PUG and MVG 760 
were likely metamorphosed and deformed during the same Mesoproterozoic tectonic 761 
event, which is also responsible for mafic dyke deformation west of the Sarandí del Yí 762 
Shear Zone (Teixeira et al., 1999). 763 
Summing up, it is clear that the Tapes Complex represents a stratigraphic unit 764 
distinctively different from the older PUG and MVG. However, the U-Pb zircon age of 765 
acid pyroclastic rocks at the base of the MVG (1433±6 Ma: Gaucher et al., 2011) shows 766 
that deposition probably lasted until the end of the Calymmian, which is just 40 Myr 767 
older than the maximum possible age of the Tapes Complex. Furthermore, we have 768 
shown above that airborne geophysical data support continuity between both units, 769 
suggesting that they may have been deposited in the sam  basin, yet at different times, 770 








isotopic data of metaigneous rocks also support a link between these units (see below). 772 
In any case, metamorphism and deformation of all these units took place at 1.20-1.25 773 
Ga, with a second Ediacaran-Cambrian event affecting mainly the eastern outcrops. 774 
 775 
8.2. Sedimentary provenance  776 
Nd model ages of metasedimentary rocks show large variability, between late 777 
Paleoproterozoic and Mesoarchean. The youngest TDM model ages (1.8 to 2.3 Ga) and 778 
least negative εNd(t) values (-0.6 to -6) were determined for carbonate samples, and are 779 
interpreted as the result of a reduced detrital input rather than a different source area. 780 
The younger model age group of the siliciclastic rocks ranges from ca. 2.3 to 2.4 Ga 781 
(Fig. 9D). 782 
The observed model age distribution of the metasedim ntary rocks (Fig. 9C-D) is 783 
interpreted as the result of the mixing of two different crustal sources of 784 
Paleoproterozoic and Archean model ages, respectively. Archean rocks are widespread 785 
in the NPT and near the Tapes Complex (Figs. 1-2), and are a potential source of 786 
detritus. The La China Complex yielded U-Pb SHRIMP ages between 3.4 and 2.7 Ga 787 
(Hartmann et al., 2001; Gaucher et al., 2011), withTDM values of more than 3 Ga and 788 
εNd(t) values between -2 and +3 (Mallmann et al., 2007; Gaucher et al., 2010). Thus, 789 
these rocks probably represent the older, Archean source area of the Tapes Complex. 790 
The younger source with Paleoproterozoic crustal residence might be the ultramafic 791 
rocks of the Tapes Complex and mafic rocks of the PUG. The former yielded model 792 
ages as young as 1.55 Ga (group 1) and a significant number of analyses cluster around 793 








TDM model ages between 1.6 and 2.1 Ga (Mallmann et al., 2007). As stated above, a 795 
contribution of these magmatic rocks is confirmed by our detrital zircon data, which 796 
closely match the crystallization ages of bimodal volcanics of the PUG. Therefore, 797 
mixing of these younger sources with the Archean ones can explain the broad range of 798 
model ages determined for the Tapes Complex. 799 
A basic volcanic to ultramafic source for the Tapes Complex is further indicated by 800 
different lines of evidence. Basalt clasts are widespr ad and well preserved in a number 801 
of metagreywacke samples (Fig. 5A-D). PAAS-normalized REE+Y patterns of 802 
siliciclastic rocks closely resemble that of associated basic rocks, including a large, 803 
positive Eu anomaly (Fig. 8A). Similar, low 87Sr/86Sr ratios (0.705-0.706) were 804 
measured for a metagreywacke, a metabasic and a metapelitic rock of the Tapes 805 
Complex. In the Pb isotope plots (Fig. 12A-B), metas dimentary samples show 806 
unradiogenic values similar to samples with ultramafic nd/or mafic protoliths. 807 
Lithogeochemical data of siliciclastic rocks also support provenance from a less 808 
evolved, ophiolitic source, including high MgO conce trations, high Cr/V and low Y/Ni 809 
and Th/Sc ratios (McLennan et al., 1993). 810 
Thus, if the mafic and ultramafic rocks of the PUG and Tapes Complex were the detrital 811 
sources for the metasedimentary rocks of the Tapes Complex, a suitable mechanism 812 
must be found to explain the exhumation of rocks that were originally deposited in a 813 
marine setting and/or represent slivers of oceanic crust. This will be dealt with in the 814 
next section. 815 
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The Mesoproterozoic rock record in the NPT begins with bimodal volcanic rocks and 818 
thick carbonates of the 1.48-1.43 Ga PUG (Gaucher et al.., 2011 and references therein). 819 
Basic volcanic rocks in the unit have a predominantly MORB signature, with a few 820 
samples resembling OIB (Sanchez Bettucci et al., 2001; Mallmann et al., 2007; Oriolo 821 
et al., 2019). Detrital zircon of sandstones from the PUG yielded 60% Archean and 33% 822 
early Paleoproterozoic ages, with the youngest grain some 450 Myr older than the 823 
depositional age (Mallmann et al., 2007). Thus, an extensional tectonic environment, 824 
maybe a rift setting, seems the most plausible scenario (Gaucher et al., 2014a; Oriolo et 825 
al., 2019).  826 
On the other hand, Sanchez Bettucci et al. (2001) pointed out that basalts of the PUG 827 
are, compared to MORB, depleted in Cr, Ni, Co, Nb and Ta, significantly enriched in 828 
LREE, and have lower Ti/Zr and higher Ti/V and Ti/Sc ratios, which they interpreted as 829 
indicating a back arc tectonic setting. According to Poiré et al. (2005) trace element 830 
contents in shales of the lower MVG (<1.43 Ga), above the PUG, plot mainly in the 831 
field of continental island arc in the Th-Sc-Zr triangular diagram of Bathia and Crook 832 
(1986; Fig. 16), which led Poiré et al. (2005) to suggest a back arc setting, probably on 833 
the opposite side of the active arc. Therefore, two different models were proposed for 834 
the PUG and MVG, but both propose an extensional origin for the basin. 835 
According to Samaniego (2016), two metabasic samples of the Tapes Complex also plot 836 
in the MORB field in the Th/Yb vs. Nb/Yb diagram of Pearce (2008), but the data are 837 
insufficient to draw any conclusions. The Nd and Pb isotope data of metasedimentary 838 
rocks, on the other hand, point at two different sources, one of which must have been a 839 
less evolved, possibly ophiolitic source, and the other one were Archean rocks of the 840 
NPT. A compressional tectonic setting is necessary to explain the exhumation and 841 








marine volcanosedimentary successions (Parque UTE and Mina Verdún groups) 843 
deposited some 100 Myr earlier.  844 
In the proposed scenario, the deposition of the Tapes Complex was coeval (syntectonic) 845 
with the Grenvillian-Namaqua tectonism that affected the NPT at ca. 1.25 Ga. A fast 846 
erosion and sedimentation rate is indicated by the immaturity of sandstones and by the 847 
low CIA of 69 (average), suggesting little chemical weathering. The ages of detrital 848 
zircons analyzed are almost exclusively Mesoproterozoic (Fig. 14), which is consistent 849 
with provenance from an active orogen. Nd isotope data, however, show that rocks with 850 
Archean crustal residence age also acted as a source. The Archean La China Complex 851 
and Cebollatí Group were affected by the 1.25 Ga event, as shown by lower intercepts 852 
in U-Pb zircon ages (1252 Ma: Gaucher et al., 2011) and by the Zapicán Thrust 853 
affecting these units (Hartmann et al., 2001; Figs. 1-2). Therefore, the source area 854 
probably comprised deformed and uplifted Mesoproterozoic rocks (PUG and MVG) as 855 
well as older, Archean basement units (Fig. 19). 856 
Regarding the position of the Tapes basin in such a ompressional setting, it is worth 857 
noting that: (1) the highest metamorphic grade observed reaches only greenschist facies, 858 
(2) no Mesoproterozoic granitoid intrusions associated with the 1.2 Ga orogenic event 859 
are known in the NPT, and (3) a strong strike-slip component is evidenced by the large-860 
scale, dextral Sarandí del Yí shear Zone. To account f r these facts, it is necessary to 861 
consider that the Tapes Complex was formed during closure and inversion of a back-arc 862 
or retroarc basin (sensu Einsele, 2000). A retroarc foreland basin, developed behind an 863 
active continental margin (Fig. 19), would better explain the strong influence of nearby 864 
Archean rocks, which must have been part of a contine al mass in the Calymmian-865 








basin, possibly a retroarc foreland basin (Einsele, 2000), closer to the magmatic arc, is 867 
suggested by the following data (Figs. 16-18): 868 
(a) Whereas pelites of the 1.43 Ga lower MVG plot essentially in the field of 869 
continental island arc in the Th-Sc(Co)-Zr diagrams of Bathia and Crook (1986; Poiré et 870 
al., 2005), the Tapes Complex pelites and greywackes plot within or very close to the 871 
oceanic island arc field (Fig. 16A). This may show that the Tapes Complex was 872 
receiving detritus from obducted oceanic crust, the remnants of which occur in the same 873 
complex, which was not available as a source for the older units. 874 
(b) Pb isotopes are in line with this assumption for the Tapes Complex, as 875 
metasedimentary rocks plot in the unradiogenic lower crust field of Zartman and Doe 876 
(1981, Fig. 12). 877 
(c) The presence of an Eu anomaly is a useful proxy f r provenance studies, and is 878 
expressed as Eu/Eu*=EuN/[(SmN)(GdN)]
1/2, where the subscript "N" indicates chondrite-879 
normalized concentrations (Kato et al., 2006). According to Poiré et al. (2005), pelitic 880 
rocks of the lower MVG have  a marked negative Eu anomaly (Eu/Eu* 0.59-0.67, Fig. 881 
16B). In contrast, Tapes pelites and greywackes do not show this anomaly (mean 882 
Eu/Eu*=1.02, range: 0.79-1.22), which according to McLennan et al. (1993) is 883 
interpreted as the result of increased detrital input from undifferentiated, possibly 884 
mantle-derived materials. 885 
(d) Detrital zircon age spectra for sandstones of the 1.48-1.43 PUG are dominated by 886 
Archean (60%) and Paleoproterozoic (40%) ages, the youngest of which yielded an age 887 
of 1932±13 Ma (Mallmann et al., 2007), 450 Myr older than the oldest possible 888 
depositional age (Fig. 16C). In the ca. 1.3 Ga Tapes Complex, detrital zircon ages shift 889 








between 1.48 and 1.43 Ga derived from the PUG and MVG, and the youngest zircon 891 
1.36 Ga. Despite the small number of analyzed zircons, the data unambiguously show a 892 
shift to source areas comprising already exhumed Calymmian units (e.g. PUG), more 893 
proximal to the magmatic arc and farther away from the Archean cratonic rocks. 894 
Whether the Calymmian volcanosedimentary succession was deposited in a rift or a 895 
back arc/retroarc basin is difficult to ascertain wth the available data (Fig. 19A1 and 896 
A2). However, no magmatic arcs in the 1.48-1.40 Ga range are known, neither in 897 
southern Africa (e.g. Cornell et al., 2006, Macey et al., 2018) nor Uruguay and nearby 898 
areas in South America. In the Namaqua-Natal Belt, the earliest Mesoproterozoic 899 
orogenic events start at 1.33 Ga in the Konkiep Terrane (Cornell et al., 2015). The only 900 
coeval Calymmian orogen described in South America is located at the southwestern 901 
boundary of the Amazon Craton (=Amazonia), some 2000 km to the north of the 902 
studied area (Bettencourt et al., 2010; Teixeira et l., 2020). The possible correlations 903 
with units in South America and southern Africa will be dealt with in the next two 904 
sections. 905 
8.4. Correlations with South American units 906 
8.4.1. Apiaí Terrane (Ribeira Belt) 907 
The Apiaí Terrane is a tectonostratigraphic unit of the southern Ribeira Belt in 908 
southeastern Brazil. It is bounded to the southeast by the dextral Lancinha-Cubatão 909 
shear zone (Passarelli et al., 2011; Fig. 17B), and it is covered to the northwest by thick 910 
deposits of the Paraná Basin (Fig. 17B). The Apiaí Terrane is made up of 1.77-1.75 911 
anorogenic granite, Mesoproterozoic supracrustal successions and Ediacaran granites 912 
and siliciclastic units, including glaciogenic diamictites of Gaskiers age (Iporanga 913 








units, namely: the 1.49-1.40 Votuverava Group, Água Clara and Betara Formations, the 915 
1.20-0.88 Ga Lajeado Group and the 1.0-0.9 Ga Itaiacoca Group (Fuck et al., 2008; 916 
Siga Jr. et al., 2011; Campanha et al., 2015). 917 
The Votuverava Group is made up of rhythmic metapelite, interpreted as distal 918 
turbidites, interbedded with metabasic rocks (Faleiros et al., 2011). The latter yielded U-919 
Pb zircon ages which fall into two groups: (a) Calymmian ages of 1488±4 and 1479±12 920 
(Siga Jr. et al., 2011; Campanha et al., 2015), and (b) Ectasian ages of 1299±6 and 921 
1279±11 Ma (Campanha et al., 2019). These ages closely match the age of basic 922 
magmatism of the PUG (1482±6 to 1462±4 Ma, see above) and the Ectasian age 923 
proposed here for the Tapes Complex, including its basic and ultrabasic rocks (1.36-924 
1.25 Ga). As in the PUG, the geochemistry of the Votuverava metabasic rocks points to 925 
an extensional setting (Siga Jr. et al., 2011), possibly a back-arc basin (Faleiros et al., 926 
2011; Campanha et al., 2015, 2019). Furthermore, a tectonothermal overprint between 927 
1283±28 and 1120±70 Ma in the Apiaí Terrane is recognized in Ar-Ar and Rb-Sr ages 928 
(Campanha et al., 2015), which match the age of the main dextral movement of the 929 
Sarandí del Yí Shear Zone in the RPC (see sections 1-2). Galena in Pb-Zn-Cu-Pb 930 
deposits in the Votuverava Group yielded Pb-Pb agesof 1270 and 1303 Ma (Campanha 931 
et al., 2015 and references therein), which are very similar to the ages of galena in the 932 
PUG (Bossi and Navarro, 2001, Fig. 15). 933 
There is a striking similarity between the stratigraphy and evolution of the Apiaí 934 
Terrane and that of the NPT (Fig. 17A). Both include ca. 1.75 anorogenic granites (e.g. 935 
Illescas Batholith in the NPT: Fig. 1), Calymmian to Ectasian volcanosedimentary 936 
successions deposited in a back-arc, extensional setting, glacial rocks of Gaskiers age 937 
(Las Ventanas Formation in the NPT: Gaucher et al., 2008b) and Ediacaran granitic 938 








include the Luís Alves, Curitiba and Apiaí terranes.  It is conceivable that the Ibaré 940 
Shear Zone (sinistral: Cerva-Alves et al., 2020) could have displaced the NPT some 150 941 
km to the NW (Fig. 17B), in which case the Apiaí Terrane would represent its 942 
continuation in the Ribeira Belt, supporting the hypothesis of Santos et al. (2019). This 943 
displacement must have taken place before the late Ediacaran-Cambrian docking of 944 
Arachania, probably during the ca. 720 Ma São Gabriel Orogeny (Philipp et al., 2018). 945 
More work is needed to test the Nico Pérez-Apiaí correlation, which would have 946 
profound implications for our understanding of SW-Gondwana amalgamation. 947 
 948 
8.4.2. A connection with the Amazon Craton? 949 
In Brazil and Bolivia, the Santa Helena Orogeny (Santos et al., 2008) or Alto Guaporé/ 950 
Alto Central Brazil Orogeny (Teixeira et al., 2020) matches the age of the Calymmian 951 
volcanosedimentary units of the NPT. This orogeny is characterized by an accretionary 952 
phase between 1.47 and 1.43 Ga and a later collisional stage at 1.35 Ga associated to the 953 
amalgamation of the Paraguá Block to Amazonia (Rizzotto et al., 2013; Teixeira et al., 954 
2020). The orogen is currently located some 2000 km to the NNW of our study area, but 955 
a continuation to the south, reaching the margin of the RPC, was already postulated by 956 
Santos et al. (2008). Likewise, based on detrital zrcon age patterns of Neoproterozoic 957 
sandstones, Gaucher et al. (2008a, 2011) suggested a linkage between the 958 
Mesoproterozoic rocks in western Amazonia (Sunsás Belt) and the western RPC as part 959 
of a proto-Andean margin.  960 
A volcanosedimentary succession very similar to the MVG crops out in Vallemí (Rio 961 
Apa Terrane, NE Paraguay), which includes sandstone, shale and basalt, overlain by 962 








has been grouped with bona fide Ediacaran carbonates rich in fossils into the Itapucumí 964 
Group (Warren et al., 2019). However, the Vallemí succession lacks Ediacaran index 965 
fossils (e.g. Cloudina) and exhibits a stratigraphic sequence and δ13C values of 966 
carbonates (0 to 2.5 ‰ VPDB), which are indistinguishable from those of the MVG 967 
(Gaucher et al., 2011; Poiré, 2014). Furthermore, th  unit is more intensely deformed 968 
than the flat-lying Ediacaran carbonates and shows an opposite, E-directed vergence 969 
(Campanha et al., 2010), which is compatible with that observed for the Calymmian 970 
units in the NPT in Uruguay (Figs. 1-2). This led Poiré (2014) to suggest a correlation, 971 
which would imply a northward continuation of the NPT and a connection of the latter 972 
with the Rio Apa Terrane already in the Calymmian. Absolute ages for the Vallemí 973 
successions are needed to confirm or discard this correlation, which may have important 974 
implications for our understanding of the southward continuation of the long-lived 975 
Mesoproterozoic orogens in SW Amazonia, and their relationship -or lack thereof- with 976 
Calymmian units in the Apiaí and Nico Pérez terranes. 977 
 978 
8.5. Correlations with the Namaqua-Natal Belt 979 
The NPT is juxtaposed along the Sierra Ballena Shear Zone to the Cuchilla Dionisio 980 
Terrane (CDT), which is the core of the Arachania paleocontinent (Figs. 1, 17), an 981 
allochthonous block of Kalahari Craton affinity amalgamated to the RPC in the latest 982 
Ediacaran and Cambrian (Gaucher et al., 2009, Frimmel et al., 2011). The oldest known 983 
rocks in the CDT (Cerro Olivo Complex, Figs. 17-18) are Tonian to Cryogenian, 984 
granulite-facies orthogneisses which protholiths intruded a volcanosedimentary 985 
succession of probable late Mesoproterozoic age (e.. Hartmann et al., 2002; Basei et 986 








760 granitic magmatism of the CDT matches in age the anorogenic Richtersveld 988 
Igneous Complex, which intruded the Kalahari Craton (Richtersveld Terrane; see Will 989 
et al., 2020 and references therein), marking the separation of Arachania from the 990 
Kalahari Craton.  991 
Gaucher et al. (2009, 2011) proposed that, prior to Tonian rifting, the Kalahari Craton, 992 
the RPC (including the NPT) and the basement of the CDT (core of Arachania) formed 993 
a coherent crustal unit and were an integral part of Rodinia (e.g. Fig. 19D). The 994 
connection between the basement of Arachania and the NPT in the late Mesoproterozoic 995 
has been recently confirmed by U-Pb detrital zircon ages of metasandstones of the 996 
Cerro Olivo Complex, which were likely deposited betw en 0.75 and 1.0 Ga 997 
(Konopásek et al., 2018). These metasandstones have age peaks (in order of decreasing 998 
importance) of 2.05-2.0 Ga (Transamazonian), 1.75 Ga, 1.45-1.50 Ga, 1.1 Ga and 999 
subordinate Archean peaks at 2.7 and 3.0 Ga (Konopásek et al., 2018). Except for the 1000 
1.1 Ga zircons, all other peaks can be explained by provenance from the NPT, and 1001 
possibly also from the western RPC, where Transamazoni n rocks are best exposed. 1002 
Provenance from the Congo or Kalahari cratons is les  likely because sandstones of 1003 
comparable age show different age peaks (Foster et al., 2015). If a provenance from the 1004 
NPT is assumed, the occurrence of a 1.45-1.50 Ga peak shows that the Calymmian 1005 
volcanosedimentary succession was already exhumed and available as a source at ca. 1006 
1.0 Ga.  1007 
The question arises as to how the amalgamation between the Kalahari Craton and RPC 1008 
might have proceeded. The elucidation of this process (Fig. 19) is hampered by 1009 
Neoproterozoic tectonics overprinting older events, and by the recognition that 1010 
Arachania is sandwiched between both cratons (Fig. 18). However, striking similarities 1011 







Namaqua-Natal Belt of the Kalahari Craton, including the dominance at both sides of 1013 
dextral shear zones, which in a Gondwana pre-drift configuration are parallel to each 1014 
other (Fig. 18). Furthermore, the main Namaqua (Kibaran) phase of compressional 1015 
tectonics took place at 1.25-1.20 Ga (Macey et al., 2018), which matches the available 1016 
ages in the NPT.  1017 
Another interesting feature is the occurrence, at the Kalahari side, of high-grade, ca. 1.2-1018 
1.3 Ga metamorphic complexes (e.g. Gordonia Subprovince: Miller, 2008; Kakamas 1019 
Terrane: Bial et al., 2015; Fig. 18) and extensive, late Ectasian Namaqua intrusions, for 1020 
example the 1.23-1.18 Ga Little Namaqua Suite in the Bushmanland Terrane (Macey et 1021 
al., 2018) and the 1.26-1.20 Ga arc magmatism in the Konkiep Terrane (Cornell et al., 1022 
2015; Fig. 18). These terranes could conceivably represent the arc, behind which the 1023 
Tapes Complex was deposited (Fig. 19B), given the lack of comparable rocks in the 1024 
RPC.  1025 
Alternatively, the basement of the CDT (Cerro Olivo C mplex), which was 1026 
metamorphosed to granulite-facies conditions during the Brasiliano-Pan African 1027 
orogeny (e.g. Gross et al., 2009; Masquelin et al., 2012; Will et al., 2020), may 1028 
represent the arc (Fig. 19B). The Cerro Olivo Complex contains rocks with 1029 
Mesoproterozoic protoliths (e.g., Basei et al., 2011) and hosts a large amount of 1030 
Mesoproterozoic zircon inheritance (Lenz et al., 2011), with the main age population 1031 
clustering around 1.30-1.22 Ga (Lenz et al., 2011). Will et al. (2019) proposed, based on 1032 
lithogeochemistry, Nd isotopes and zircon Hf and δ18Ο data, that the Cerro Olivo 1033 
orthogneisses were formed by re-melting of Namaqua-age arc rocks, which have similar 1034 
εHf and TDM values as the Namaqua terranes exposed in southwestern Africa 1035 
(Konopásek et al., 2018; Will et al., 2019). Thus, both the age and the geochemical 1036 







Mesoproterozoic arc in the proto-CDT, which may or may not have acted as one of the 1038 
source of detritus for the Tapes Complex at 1.35-1.2  Ga.  1039 
On the one hand, the proposed neighbouring position of the NPT and the proto-CDT in 1040 
Rodinia at ca. 1.0 Ga (Fig. 19D) support this propositi n. On the other hand, the lack of 1041 
Archean crustal residence ages in the CDT (Will et al., 2019, 2020), which are typical 1042 
of the NPT in general and the Tapes Complex in particular (Fig. 9), militates against 1043 
this possibility. The only Namaqua terrane with significant Archean inheritance is the 1044 
Richtersveld Terrane, as evidenced by detrital zircon ages between 3.2 and 2.55 Ga and 1045 
a significant peak at ca. 2.7 Ga (Macey et al., 2017). Corresponding Nd model ages of 1046 
Paleoproterozoic rocks in the Richtersveld Terrane r ge between 2.8 and 2.15 Ga 1047 
(Reid, 1997; Macey et al., 2017) and partially overlap with model ages obtained for the 1048 
NPT and the Piedra Alta and Tandilia terranes (Fig. 9). At present, the complexity of 1049 
the amalgamation of the Namaqua-Natal Orogen and the remaining uncertainties 1050 
associated with its formation, as well as its extensive Neoproterozoic overprint, prevent 1051 
a more precise reconstruction. 1052 
  1053 
9. Conclusions 1054 
Parts of a Mesoproterozoic belt are exposed in the southeastern Nico Pérez Terrane (Río 1055 
de la Plata Craton), which includes the Calymmian Prque UTE and Mina Verdún 1056 
Groups (1.48-1.43 Ga) and the Ectasian Tapes Complex. Th  age of the Tapes Complex 1057 
is constrained between 1360±12 Ma  and 1253±32 Ma by the U-Pb age of the youngest 1058 
detrital zircon and the K-Ar muscovite age of cross-cutting thrusts. An Sm-Nd isochron 1059 
age of 1403 Ma ± 150 Ma for associated mafic and ultramafic rocks is broadly 1060 








intruding Tapes Chico Syenite shows that this intrusion represents an unrelated, much 1062 
younger and probably anorogenic event. 1063 
The Tapes Complex consists of a marine volcanosedimentary succession dominated by 1064 
siliciclastic and ultramafic protoliths, with subordinate intercalations of carbonate, chert 1065 
and basalt. The unit experienced greenschist facies metamorphism and a main 1066 
deformation event at 1.2 Ga and a later reworking during the late Brasiliano-Pan 1067 
African tectonism, which is especially evident in the eastern part of the Tapes Complex. 1068 
The best-preserved mafic and ultramafic samples have positive εNd (t) values and Nd 1069 
model ages of 1.55 to 1.68 Ga, which are close to the assumed crystallization age. Other 1070 
samples provide geochemical evidence for metamorphic and/or metasomatic alteration, 1071 
which is corroborated by high 87Sr/86Sr ratios of the samples. The Nd model ages of the 1072 
metasedimentary rocks range from late Paleoproterozoic to Mesoarchean, which is 1073 
interpreted to indicate two different source areas, the Archean La China Complex and 1074 
Mesoproterozoic mafic and ultramafic rocks, that include fragments of oceanic crustal 1075 
material. Pb isotopes data point to derivation from the unradiogenic lower crust. This is 1076 
also supported by high MgO concentrations, high Cr/V and low Y/Ni and Th/Sc ratios 1077 
as well as the lack of an Eu anomaly in the REE patterns. 1078 
An evolution is postulated starting with an extensio al basin between 1.48 and ca. 1.40 1079 
Ga, corresponding to a rift or a retroarc basin, in which the Calymmian units were 1080 
deposited. The basin infill must have been exhumed together with slivers of oceanic 1081 
crust by the time of deposition of the Tapes Complex, in order to account for the drastic 1082 
changes in provenance, as shown for example by U-Pbdetrital zircon ages. The Tapes 1083 







Kibaran event, which matches the age of deformation and metamorphism in the Nico 1085 
Pérez Terrane. 1086 
It is concluded that the Kibaran arc associated with the Tapes basin can be found in the 1087 
Namaqua sector of the Namaqua-Natal Belt. The Konkiep and Bushmanland terranes 1088 
are characterized by high-grade metamorphism and arc m gmatism at ca. 1.3-1.2 Ga, 1089 
which match the ages in the Nico Pérez Terrane. The bas ment of the Cuchilla Dionisio 1090 
Terrane in Uruguay also comprises a Kibaran arc strongly reworked during the 1091 
Brasiliano-Pan African orogeny and could also be a potential source area for the Tapes 1092 
Complex. However, only the Richtersveld Terrane in the Namaqua sector contains 1093 
Archean rocks, which makes it a potential source of the Tapes Complex, but evidence of 1094 
a Kibaran arc, such as high-grade metamorphic rocks, is still lacking in the Richtersveld 1095 
Terrane. This notwithstanding the Tapes Complex is a key area for our understanding of 1096 
the assembly of the Río de la Plata and Kalahari crtons and their amalgamation to the 1097 
Rodinia supercontinent. The Mesoproterozoic Apiaí Terrane in the Ribeira Belt and the 1098 
Nico Pérez Terrane show a similar stratigraphy and tectonic evolution between the late 1099 
Paleo- and Neoproterozoic. The Apiaí Terrane may be a fragment of the Nico Pérez 1100 
Terrane displaced to the NW by the Ibaré Shear Zone. Further to the north, carbonate 1101 
units of the Rio Apa Terrane in NE Paraguay may correlate with Calymmian units in the 1102 
Nico Pérez Terrane, but more work is needed to prove or disprove this idea. 1103 
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Figure captions 1714 
Fig. 1. (A) Geological sketch map of the Nico Pérez Terrane showing the main units 1715 
(modified from Bossi and Cingolani, 2009). (B) Total count airborne radiometry 1716 
(DINAMIGE, 2015) of the area indicated in A, showing the main lineaments and a NE-1717 
trending, low gamma-ray intensity, continuous band (blue colors) which corresponds to 1718 
the Mesoproterozoic volcanosedimentary succession. 1208±10 Ma: K-Ar age of 1719 
metabasic rocks (Gómez Rifas, 1995). Most felsic rocks are characterized by bright red 1720 
colours.  (C) Potassium concentration, airborne gamma-ray spectrometric image 1721 
(DINAMIGE, 2015) of the area indicated in B. Note the folding and deformation of the 1722 
low-K Mesoproterozoic succession (in blue) against the dextral Sarandí del Yí Shear 1723 
Zone (SYSZ), interpreted here as a drag fold. The SYSZ was sinistrally reactivated in 1724 
the latest Ediacaran-Cambrian (e.g. Bossi and Campal, 1992, Oriolo et al., 2016). 1725 
Fig. 2. (A) Geological map of the studied area, modified from Gaucher et al. (2014b), 1726 
showing the location of the main outcrops. Lineaments: CPT: Cerro Partido Thrust, 1727 
PPAL: Puntas Pan de Azúcar Lineament, SBSZ: Sierra Ballena Shear Zone, SSSZ: 1728 
Sierra de Sosa Shear Zone, ZT: Zapicán Thrust. Agesindicated are: (1) Zapicán Thrust  1729 
(K-Ar on muscovite, Bossi and Cingolani, 2009), (2) Puntas del Santa Lucía Batholith 1730 
(U-Pb SHRIMP on zircon, Hartmann et al., 2002), (3) Lavaderos Granite (U-Pb SIMS 1731 
on zircon, Gaucher et al., 2014c). (B) AA' cross section of the Tapes Group indicated on 1732 








Fig. 3: Outcrops of the Tapes Complex. (A) Metapelitic quartz-chlorite schist at MAR 1734 
52. (B) Normal size grading between greywacke (Gw) and pelite (Pl), same outcrop as 1735 
previous. (C) Banded chert mit stratabound pyrite, site MAR 26. Height of sample: 7 1736 
cm. (D) Metapelitic quartz-chlorite schist with preserved sedimentary lamination, MAR 1737 
13. Scale is divided in mm. (E) Marl-pelite metarhythmite, point MAR 52. (F) 1738 
Serpentinite (Sp) passing into talc schist (Ts), La Serrana quarry (site CPA 146=CPA 1739 
148, Fig. 2). Shown hammer is 40 cm long. (G) Chloritic talc schist with cm-sized 1740 
tremolite porphyroblasts, CPA 146. Shown scale (left) is divided in mm. (H) 1741 
Serpentinite (Sp) pod dipping 45° to the left and surrounded by talc schist (Ts), CPA 1742 
148. Length of hammer in the center: 1 m. 1743 
Fig. 4. Microphotographs of thin sections of metaultramafic nd metabasic rocks of the 1744 
Tapes Complex, except for G all in crossed nicols. (A) Olivine relict (Ol) surrounded by 1745 
tremolite (Tr) and talc (Tc) in tremolitite, sample 011021/8. (B) Same sample as 1746 
previous, showing reaction rim of olivine (Ol) passing into tremolite (Tr) and serpentine 1747 
(Sp). (C) Tremolitite with coarse tremolite crystals (Tr) and interstitial chlorite (Chl). 1748 
(D) Serpentinite with typical interpenetrating texture, sample 030221/1a (site CPA 148). 1749 
(E) Talc-schist with magnesian chlorite (center). (F) Chloritite from a black wall 1750 
reaction zone, sample CPA 148b. (G-H) Metabasic sample with actinolite (Ac), epidote 1751 
(Ep), sphene (Sph) and clinozoisite, sample MAR 44b (G in plane-polarized light). 1752 
Fig. 5: Microphotographs of thin sections of metasedimentary rocks of the Tapes 1753 
Complex. All shown with crossed nicols, unless indicated. (A-B) Metagreywacke with 1754 
plagioclase and metabasic lithoclasts in a fine-grained, chloritic matrix, sample MAR 27 1755 
(A in plane-polarized light). (C) Metagreywacke with metabasic (Bs) and epidote (Ep)1756 
clasts in a laminated, chloritic matrix, sample MAR 52e. (D) Detail of metabasic clast, 1757 
showing ophitic texture with plagioclase laths immersed in large epidote crystals. (E) 1758 
Preserved sedimentary lamination in quartz-chlorite schist (plane-polarized light). (F) 1759 
Detail of previous, showing alternation of chlorite- and quartz-rich layers, as well as 1760 
magnetite crystals. (G) Metamarl composed of carbonate (Ca) and epidote (Ep), and 1761 
interbedded with quartz-chlorite layers (Qz-Chl). (H) Interbedded chlorite-schist and 1762 
chert. 1763 
Fig. 6. Outcrop photographs (A-B) and thin sections (C-F) of the Tapes Chico Syenite. 1764 
(A) Porphyritic quartz syenite. (B) Quartz syenite at the dated outcrop MAR 51, with an 1765 
amphibolite xenolith. (C) Euhedral  hornblende between large alkali feldspar and 1766 
plagioclase phenocrysts, plane-polarized light. (D) Thin section from MAR 51, showing 1767 
perthitic orthoclase, plagioclase, quartz and hornblende, crossed nicols. (E) Granite with  1768 
interstitial hornblende and biotite between large microcline, perthitic orthoclase and 1769 
plagioclase crystals, as well as quartz (crossed nicols). (F) Sphene in quartz syenite 1770 
(crossed nicols). 1771 
Fig. 7. Major element composition of Tapes Complex rocks. (A-F) Major elements 1772 
versus silica concentration for rocks with ultrabasic, basic and sedimentary protolith. 1773 
(G) Alkali vs. silica diagram of Le Maitre et al. (198 ), showing composition of basic 1774 







Fig. 8. Rare Earth Element (REE) distribution for analyzed samples of the Tapes 1776 
Complex. (A) PAAS-normalized REE+Y distribution for metasedimentary (black) and 1777 
metabasic rocks (green). (B) Chondrite-normalized REE patterns for metasedimentary  1778 
(black) and metabasic rocks (green) and N-MORB, E-MORB and OIB basalts (Sun and 1779 
McDonough, 1989). (C) Chondrite-normalized REE patterns for metaigneous r cks. 1780 
(D) Detail of previous, showing the samples with low REE concentration in more detail. 1781 
Fig. 9. Frequency of Nd model ages for both metasedimentary and metaigneous rocks 1782 
of the Tapes Complex, and corresponding Nd evolution d agrammes. In the latter, 1783 
typical fields of different terranes in Uruguay and southern Africa are shown (see 1784 
Pamoukaghlián et al., 2017; Will et al., 2020, and references therein). The depleted 1785 
mantle isotope evolution line (DMG) is after Goldstein et al. (1984), and the two-stage 1786 
model ages are calculated according to Keto and Jacobsen (1987). CHUR: CHondritic 1787 
Uniform Reservoir. 1788 
 1789 
Fig. 10. Sm-Nd isochron diagram for mafic and ultramafic ro ks of group 2 (see Fig. 1790 
9A-B), Tapes Complex. 1791 
Fig. 11. εNd (t) vs.  87Sr/86Sr diagram  and 87Sr/86Sr versus Sr concentration plot for 1792 
metasedimentary and metaigneous rocks of the Tapes Complex. Inferred alteration 1793 
trends for metaultramafic and metabasic rocks are shown. The εNd composition of the 1794 
CHUR (0.512638, Jacobsen and Wasserburg, 1980), and the present-day 87Sr/86Sr 1795 
composition of the UR (Uniform Reservoir of 0.7045, DePaolo and Wasserburg, 1976)  1796 
are shown. 1797 
Fig. 12. (A-B) 207Pb/204Pb vs. 206Pb/204Pb and 208Pb/204Pb vs. 206Pb/204Pb present-day 1798 
ratios of Tapes Complex samples. Fields according to Zartman and Doe (1981). The 1799 
"lower crust" field, in which most samples plot, is highlighted. (C) 207Pb/204Pb vs. 1800 
206Pb/204Pb diagram for six samples (four from the Mariscala and two from the Zapicán 1801 
area) with mafic and ultramafic protolith, which defin  a linear array and a calculated µ 1802 
of 9.808 and an age of ca. 2100 Ma for separation from their common source area.  1803 
Fig. 13. Upper panel: U-Pb SIMS zircon age of the Tapes Chico Syenite, quartz syenite 1804 
sample U16-21 from site MAR 51 (Fig. 2). Lower panel: δ18O versus age for analyzed 1805 
zircons with 95-105 % concordance. The grey band indicates the syenite age and its 2σ 1806 
uncertainty. The average mantle δ18O value is 5.3 ± 0.6 ‰ VSMOW according to 1807 
Valley et al. (1998). 1808 
 1809 
Fig. 14. U-Pb SIMS detrital zircons ages for metagreywacke MAR 27 (Fig. 2). (A) 1810 
Concordia diagram of the analyzed grains. (B) Zircon age spectrum and relative age 1811 
probability curve. (C) SEM-BSE images of analyzed grains, location of spots and 1812 
corresponding 238U/206Pb  ages. 1813 
Fig. 15. 207Pb/204Pb vs. 206Pb/204Pb diagram for galena deposits of the PUG (La Oriental 1814 
and Valencia mines), showing an intercept with the growth curve at 1242 Ma,  1815 
interpreted here as dating metamorphism and deformation (data from Bossi and 1816 








Fig. 16. Comparison between sedimentary provenance data of the Tapes Complex and 1818 
the Calymmian volcanosedimentary units (Mina Verdun and Parque UTE groups). (A) 1819 
Th-Sc-Zr/10 plot of Bhatia and Crook (1985) for 1.43 Ga samples of the MVG (data 1820 
from Poiré et al., 2005) and the younger, ca. 1.3 Ga Tapes Complex. Note the shift 1821 
toward less evolved sources. (B) Chondrite-normalized REE patters for pelites of the 1822 
MVG (grey field, Poiré et al., 2005) and greywackes (080204/2-3 and MAR48/2) and 1823 
pelite (080204/5) of the Tapes Complex. Samples of the latter unit lack a negative Eu 1824 
anomaly (arrowed). (C) Comparison between 238U/206Pb detrital zircon ages of the 1.48-1825 
1.43 Ga PUG (Mallmann et al., 2007) and the Tapes Complex. Note younger ages close 1826 
to the age of the Namaqua orogeny of the latter samples and the absence of 1827 
Paleoproterozoic-Archean zircon ages in these rocks. The age ranges of South American 1828 
and southwestern African orogenic cycles that are known from the NPT are indicated.  1829 
Fig. 17. (A) Geological evolution (simplified) of the Nico Pérez and Apiaí terranes 1830 
(data from Siga Jr. et al. 2011, Campanha et al., 2008, 2015, 2019). Key: (1) shelf 1831 
succesion, (2) glacial rocks, (3) extensional environment, (4) compressional setting, (5) 1832 
orogenic event.  (B) Geological map of southern Brazil and Uruguay, showing the 1833 
Ribeira and Dom Feliciano belts, Río de la Plata and São Francisco Cratons (modified 1834 
from Passarelli et al., 2011). CFT: Cabo Frío Terrane, CT: Curitiba Terrane, JFT: Juiz 1835 
de Fora Terrane, PST: Paraíba do Sul Terrane, SGT: ão Gabriel Terrane, TT: Tandilia 1836 
Terrane. Key: (1) Brusque and Porongos groups, (2) Votuverava Group. Note the likely 1837 
displacement of the NPT to the NW along the Ibaré Shear Zone (ISZ), and possible 1838 
continuation in the Apiaí Terrane further to the NE. 1839 
Fig. 18. Tectonostratigraphic map of SE South America and southern Africa, in a pre-1840 
drift Gondwana configuration, modified from Gaucher et al. (2005). Southern African 1841 
terranes/subprovinces (Cornell et al., 2006; Miller, 2008; Frimmel et al., 2013; Macey et 1842 
al., 2017; Hall et al., 2018): KT: Konkiep Terrane, MT: Marmora Terrane, MmT: 1843 
Malmesbury Terrane, RT: Richtersveld Terrane/Subprovince. RBI: Rehoboth Basement 1844 
Inlier. Southern African shear zones (SZ, Cornell et al., 2006): BRSZ: Boven Rugzeer, 1845 
BTSZ: Brakbosch-Trooilapspan, NSZ: Neusberg, PSZ: Pofadder, PWSZ: Piketberg-1846 
Wellington. ST: Schakalsberge Thrust. South American terranes are after Bossi and 1847 
Cingolani (2009),  Gaucher et al. (2011), Ramos et al. (2018), Will et al. (2019) and 1848 
Ballivián Justiniano et al. (2020): CDT: Cuchilla Dionisio Terrane, NPT: Nico Pérez 1849 
Terrane, PAT: Piedra Alta Terrane, TT: Tandilia Terrane. South American shear zones: 1850 
CSZ: Colonia, DCSZ: Dorsal de Canguçú, ISZ: Ibaré, SBSZ: Sierra Ballena, SYSZ: 1851 
Sarandí del Yí (only main dextral event shown), SVSZ: ierra de la Ventana. U-Pb ages 1852 
of 1392 Ma and 1187 Ma for gabbros in the western PAT according to Santos et al. 1853 
(2017). 1854 
Fig. 19. Tentative geodynamic model for the assembly and amalgamation of the Río de 1855 
la Plata and Kalahari cratons. PUG: Parque UTE Group. MVG: Mina Verdún Group. 1856 
Proto-CDT: Proto-Cuchilla Dionisio Terrane (protolihs of the Cerro Olivo Complex). 1857 
RT: Richtersveld Terrane. SYSZ: Sarandí del Yí Shear Zone. For the 1.48-1.40 Ga 1858 









Table 1. Lithogeochemical data for metasedimentary and metaigneous rocks of the 1861 
Tapes Complex. 1862 
Table 2. Sm-Nd whole rock isotope data for the Tapes Complex. Preferred TDM values 1863 
are indicated in bold numbers.  1864 
Table 3. Summary of Rb-Sr and Pb-Pb whole rock isotope data for the Tapes Complex. 1865 
Table 4. U-Pb SIMS zircon data for samples MAR 27 (metagreywacke of the Tapes 1866 












Sample 011021/8 030221/1a 080204/2 080204/3 080204/5 080204/6 020131/5 CPA172/2 CPA172/3 254-4a 254-7a MAR22 MAR44b MAR48/2 562b 472b 



























te Talc schist 
Major elements (wt. %)                
SiO2 51.58 43.15 46.22 51.37 49.82 46.79 49.19 57.43 37.29 52.54 51.67 48.87 48.53 48.52 38.44 37.88 
Al2O3 0.27 1.33 12.93 15.97 15.29 16.79 4.85 0.81 12.81 5.47 5.42 9.92 6.32 13.62 2.16 2.61 
Fe2O3(T) 7.56 7.14 11.51 10.76 16.17 8.25 5.4 5.44 8.3 6.85 7.46 7.19 16.76 11.52 15.88 13.59 
MnO 0.119 0.078 0.16 0.123 0.251 0.117 0.173 0.134 0.06 0.06 0.06 0.213 0.196 0.185 0.18 0.16 
MgO 26.9 35.09 11.18 6.3 2.66 7.05 24.33 21.4 29.63 27.44 26.83 8.4 10.04 5.96 29.94 32.3 
CaO 8.5 0.06 6.09 3.08 1.96 15.9 8.04 12.21 0.1 0.46 0.62 19.13 14.27 5.89 2.13 1.7 
Na2O 0.06 0.02 2.14 4.08 4.25 1.21 0.08 0.17 0.01 0.05 0.03 0.6 0.25 3.19 0.01 0.05 
K2O 0.02 0.02 0.09 0.16 1.21 0.04 0.04 0.05 0.01 0.04 < 0.01 0.71 0.1 0.56 0.01 0.03 
TiO2 0.007 0.051 0.778 1.221 3.872 0.549 0.081 0.028 0.117 0.317 0.3 0.32 0.502 1.826 0.5 0.31 
P205 0.03 0.02 0.12 0.2 0.73 0.08 < 0.01 < 0.01 0.03 0.26 0.27 0.07 0.13 0.34 0.08 0.04 
LOI 4.18 11.15 6.67 5.38 3.92 2.75 5.97 2.69 11.29 6.58 7.22 4.55 1.61 8.46 9.61 9.94 
Total 99.23 98.11 97.9 98.63 100.1 99.52 98.15 100.4 99.65 100.1 99.87 99.96 98.71 100.1 98.92 98.61 
Trace elements (ppm)                
Sc 3 5 20 22 16 41 5 4 14 14.1 13.6 8 12 16 na na 
V 11 19 120 152 183 223 15 18 41 76 59 46 108 145 33.8 64.3 
Cr 1920 1520 540 360 < 20 210 960 850 < 20 2430 2390 50 70 80 520.8 888.2 
Co 100 77 72 42 35 24 51 27 89 76 75 13 30 37 39.7 138.3 
Ni 1690 2570 600 160 < 20 80 1270 1730 2070 1090 1090 20 50 80 909.5 2390 
Rb < 1 < 1 < 2 4 22 < 2 < 2 < 2 < 2 < 20 < 20 6 < 2 8 <2 <2 
Sr 111 < 2 126 288 108 165 18 10 3 22 32 194 259 292 102.9 24.8 
Y 4.9 1.6 10 20 29 13 12 4 2 4 6 20 18 18 12.4 5.8 
Zr 4 6 49 117 328 30 8 7 16 53 50 92 45 138 47.1 24.3 
Nb < 0.2 0.3 5 12 35 2 8 < 1 2 na na 4 5 15 na na 
Ba 895 5 63 84 444 11 7 6 4 7 30 197 26 267 <3 5.4 
La 8.7 0.85 9.7 32.4 37.3 3.4 1.3 1.5 1.2 6.2 15.5 19.1 11.8 25 6.1 3.3 
Ce 3.73 1.86 17.1 55.7 73.1 4.9 2.5 3.1 1.4 17 17 34 38.4 47.3 11.6 6.1 
Pr 1.13 0.24 2.36 7.4 9.36 0.96 0.7 0.29 0.38 na na 4.14 6.19 6.13 1.4 0.8 








Sm 0.62 0.23 2.7 5.6 8.7 1.4 1.3 0.3 0.4 1.7 2.7 3 4.1 5.8 1.6 1 
Eu 0.173 0.049 0.91 1.64 2.11 0.6 0.15 0.07 0.06 0.5 0.7 0.49 1.48 2.13 0.5 0.4 
Gd 0.7 0.23 2.5 4.6 7.6 1.7 1.3 0.4 0.4 na na 2.5 2.9 4.9 na na 
Tb 0.09 0.04 0.4 0.7 1.1 0.3 0.3 < 0.1 < 0.1 < 0.5 < 0.5 0.4 0.4 0.8 na na 
Dy 0.45 0.2 2.1 3.8 6.1 2.1 1.7 0.4 0.3 na na 2.6 2.6 3.8 na na 
Ho 0.09 0.04 0.4 0.7 1.2 0.4 0.4 0.1 < 0.1 na na 0.6 0.5 0.7 na na 
Er 0.25 0.12 1 1.8 3.1 1.2 1 0.3 0.2 na na 1.7 1.5 1.7 na na 
Tm 0.036 0.042 0.17 0.28 0.44 0.22 0.19 0.08 0.05 na na 0.31 0.24 0.28 na na 
Yb 0.23 0.14 0.9 1.5 2.5 1.2 1.1 0.4 0.2 0.6 0.7 1.6 1.3 1.3 na na 
Lu 0.031 0.023 0.13 0.21 0.33 0.18 0.17 0.06 < 0.04 0.07 0.08 0.22 0.18 0.19 na na 
Hf 0.1 0.1 1.3 2.8 7.6 0.8 0.3 < 0.2 0.5 1 1 2.2 1.1 3.2 na na 
Ta 0.03 0.06 0.3 0.8 2.7 0.4 0.9 < 0.1 0.2 < 1 < 1 0.2 0.3 1 0.2 <0.1 
Pb < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 6 10 < 5 <5 28.7 
Th 0.11 0.2 0.6 1.6 4.3 0.2 0.3 0.3 1.3 2.3 2 6.2 2.4 1.6 0.7 0.3 
U 0.07 0.99 0.1 0.4 0.8 0.1 < 0.1 < 0.1 < 0.1 0.9 < 0.5 1.2 1.3 0.3 0.3 <0.1 
a From Gaucher et al. (2014b) 
b From Bossi and Schipilov (2007) 































Metamafic/ultramafic rocks             
011021/8 MAR 15 
Olivinic 
tremolitite 1 1400 0.71 4.84 0.511771 0.08936 0.08859 -16.91 0.510956 2.49 1678  
020131/5 CPA 147 Tremolitite 1 1400 1.56 4.91 0.511751 0.19202 0.191871 -17.3 0.509986 -16.49 9924 3338 
080204/6 MAR 33 
Epidotic 
tremolitite 1 1400 1.44 4.69 0.512796 0.18583 0.185466 3.08 0.51109 5.12 1908 1549 
CPA 80 CPA 80 Actinolitite 2 1400 2.9 12.3 0.511596 0.144149 0.142378 -20.33 0.510286 -10.62 3329 2838 
CPA 148 CPA 148 Serpentinite 2 1400 4.4 24.2 0.511505 0.110214 0.109794 -22.1 0.510495 -6.53 2414  
CPA 
172/2 CPA 172 Tremolitite 1 1400 0.35 1.95 0.510967 0.10685 0.108373 -32.6 0.50997 -16.81 3167 3345 
MAR 17 MAR 17 Tremolitite 2 1400 3.7 16.5 0.51177 0.135926 0.135421 -16.93 0.510524 -5.96 2690 2455 
MAR 21b MAR 21 Actinolitite 2 1400 0.6 3.6 0.510982 0.109504 0.100632 -32.3 0.510056 -15.12 2928  
MAR 44 b MAR 44 
Epidotic 
amphibolite 1 1400 4.96 31.72 0.511408 0.0947 0.094424 -23.99 0.510539 -5.66 2227 2431 
MAR 47/1 MAR 47 Tremolitite 1 1400 0.65 2.25 0.511678 0.17464 0.174458 -18.73 0.510073 -14.79 5760 3186 
MAZ 47/1 MAZ 47 Tremolitite 1 1400 0.83 3.01 0.511686 0.16704 0.166522 -18.57 0.510154 -13.2 4755 3053 
ZAP 26 ZAP 26 Microgabbro 2 1400 15.1 88.3 0.511068 0.103319 0.103256 -30.63 0.510118 -13.91 2878  
ZAP 42 ZAP 42 Serpentinite 1 1400 0.82 3.12 0.511986 0.15846 0.158727 -12.72 0.510526 -5.93 3234 2453 
ZAP 42 ZAP 42 Serpentinite 1 1400 0.74 2.83 0.511976 0.15821 0.157919 -12.91 0.510523 -5.98 3214 2457 
ZAP 43 ZAP 43 Tremolitite 1 1400 2.27 8.03 0.511821 0.15234 0.17072 -15.94 0.510251 -11.32 4737 2897 
ZAP 43 ZAP 43 Tremolitite 1 1400 2.53 7.69 0.511826 0.15216 0.198687 -15.84 0.509998 -16.25 13757 3328 
ZAP 44 b ZAP 44 Talc schist 1 1400 1.87 7.04 0.511452 0.16069 0.1604 -23.14 0.509977 -16.68 4884 3339 
Zuccolo CPA 154 Talc schist 1 1400 0.28 1.2 0.51172 0.14219 0.14091 -17.91 0.510424 -7.93 2999 2616 
Metasedimentary rocks             
011021/15 MAR 17 Metawacke 1 1300 3.33 17.07 0.511691 0.11813 0.117807 -18.47 0.510685 -5.35 2321  
080204/2 MAR 25 Metagreywacke 1 1400 3.81 15.26 0.511958 0.15092 0.150785 -13.26 0.510571 -5.04 2892 2380 
080204/3 MAR 27 Metagreywacke 1 1300 5.28 26.25 0.511565 0.1216 0.121465 -20.93 0.510528 -8.43 2623  
080204/9 MAR 45 Limestone 1 1300 0.71 3.79 0.511606 0.1128 0.113128 -20.13 0.51064 -6.23 2342  
CPA 68 CPA 68 Metawacke 2 1300 3.3 15 0.51157 0.13308 0.132853 -20.83 0.510436 -10.23 2985 2724 
CPA 82 CPA 82 Metawacke 2 1300 2.1 9.6 0.511865 0.135561 0.132107 -15.08 0.510737 -4.33 2403 2240 
CPA 87 CPA 87 Metagreywacke 2 1300 2.7 11.1 0.5115 0.147396 0.146887 -22.2 0.510246 -13.95 3779 3030 








MAR 22 b MAR 22 Limestone 1 1300 0.42 2.59 0.511561 0.09762 0.097926 -21.01 0.510725 -4.57 2093  
MAR 16 MAR 16 Metapelite 2 1300 9.8 45.5 0.511767 0.130103 0.130072 -16.99 0.510656 -5.91 2524 2369 
MAR 20 MAR 20 Metawacke 2 1300 3.6 16.1 0.511485 0.134464 0.135026 -22.49 0.510332 -12.26 3235 2890 
MAR 22   MAR 22 Marl 1 1300 3.5 18.2 0.511755 0.11619 0.116135 -17.22 0.510763 -3.82 2180  
MAR 22 MAR 22 Marl 1 1300 2.87 17.76 0.51176 0.1151 0.09759 -17.13 0.510927 -0.62 1824  
MAR 48/2 MAR 48 Metagreywacke 1 1400 4.7 22.23 0.511662 0.12802 0.127678 -19.04 0.510488 -6.68 2639  
MIN 50a MIN 50 
Biotite-chlorite 
schist 2 1300 4 20.4 0.511207 0.118758 0.118397 -27.91 0.510196 -14.92 3116  
MIN 50b MIN 50 Metawacke 2 1300 6.4 42.6 0.510675 0.09111 0.090704 -38.29 0.509901 -20.71 3076  
 
aLaboratories: 1: University of Copenhagen, 2: Universidade Federal do Rio Grande do Sul 
b1-stage Nd model ages were calculated according to Goldstein et al. (1984) 












































                           
011021/8 MAR 15 0.729396 9  17.652 0.020 15.515 0.019 37.154 0.049 0.87896 0.00034 2.10482 0.00092 0.951 0.945 
011021/15 MAR 17 0.711905 8  18.323 0.058 15.364 0.050 40.959 0.133 0.83849 0.00037 2.23538 0.00107 0.991 0.989 
020131/5 CPA 147 0.751763 6  17.575 0.022 15.310 0.020 39.920 0.055 0.87110 0.00018 2.27143 0.00085 0.987 0.964 
080204/2 MAR 25 0.705677 9  16.664 0.025 15.173 0.023 37.392 0.060 0.91051 0.00025 2.24386 0.00092 0.985 0.967 
080204/3 MAR 27 0.706251 6  16.962 0.030 15.211 0.027 38.412 0.071 0.89676 0.00024 2.26461 0.00090 0.989 0.977 
080204/6 MAR 33 0.704832 7  16.504 0.031 15.357 0.029 36.863 0.072 0.93049 0.00027 2.23360 0.00092 0.989 0.978 
080204/9 MAR 45 0.712540 5  18.437 0.030 15.659 0.026 37.825 0.065 0.84931 0.00018 2.05157 0.00079 0.992 0.975 
CPA 172/2 CPA 172 0.737715 7  17.062 0.022 15.295 0.021 38.692 0.055 0.89644 0.00023 2.26770 0.00090 0.982 0.961 
CPA 172/3 CPA 172 0.719576 6  22.507 0.028 15.714 0.021 64.085 0.090 0.69816 0.00016 2.84733 0.00113 0.986 0.960 
MAR 22  MAR 22  0.717183 9  17.401 0.020 15.454 0.019 38.425 0.050 0.88813 0.00031 2.20826 0.00099 0.959 0.942 
MAR 22 b MAR 22  0.724397 7  19.620 0.023 15.668 0.019 41.429 0.054 0.79855 0.00028 2.11157 0.00089 0.959 0.949 
MAR 44 b MAR 44 0.717390 6  17.890 0.014 15.564 0.014 37.644 0.037 0.87000 0.00021 2.10425 0.00086 0.965 0.920 
MAR 48/2 MAR 48 0.707751 8  18.543 0.037 15.620 0.032 39.421 0.083 0.84235 0.00024 2.12594 0.00082 0.990 0.983 
MAZ 47/1 MAZ 47 0.719293 7  17.959 0.033 15.524 0.030 38.600 0.076 0.86444 0.00031 2.14941 0.00106 0.983 0.968 
ZAP 42 ZAP 42 0.722431 7  18.145 0.025 15.561 0.022 39.004 0.060 0.85761 0.00023 2.14957 0.00116 0.982 0.937 
ZAP 43 ZAP 43 0.709274 9  17.413 0.027 15.395 0.025 38.427 0.064 0.88409 0.00027 2.20678 0.00099 0.982 0.964 
ZAP 44 b ZAP 44 0.724827 7  17.553 0.013 15.638 0.013 41.715 0.041 0.89093 0.00021 2.37653 0.00104 0.963 0.905 
Zuccolo CPA 154 0.722334 15  20.567 0.062 15.369 0.047 37.852 0.116 0.74729 0.00026 1.84045 0.00080 0.993 0.990 
 
**  r1=
206Pb/204Pb vs. 207Pb/204Pb error correlation (Ludwig, 1988) 
†† r2=
206Pb/204Pb vs. 208Pb/204Pb error correlation (Ludwig, 1988) 
+Errors are two standard deviations absolute (Ludwig, 1988) 








            Ages (Ma)  δ18O  εHf(t)  TDM 
Sample/ [U] [Th]  [Pb]  Th/U 207Pb ±σ 206Pb ±σ ρ 207Pb ±σ 207Pb ±σ 207Pb ±σ 206Pb ±σ Disc.  ‰ ±σ  Ma 
spot # ppm  ppm  ppm    235U % 238U %   206Pb % 206Pb   235U   238U   % VSMOW     
Sample MAR 27-Tapes Complex metagreywacke                 
n3798-01 132.8 68.4 42.4 0.51 3.27876 1.44 0.25674 0.99 0.69 0.092624 1.05 1480.2 19.7 1476.0 11.3 1473.1 13.1 -0.5 na na na na 
n3798-02 324.5 30.1 104.7 0.09 3.92777 1.09 0.28647 1.00 0.92 0.099442 0.44 1613.7 8.1 1619.4 8.8 1623.9 14.3 0.7 na na na na 
n3798-03 253.3 116.3 72.5 0.46 2.75906 1.18 0.23492 0.99 0.84 0.085180 0.65 1319.6 12.5 1344.5 8.9 1360.2 12.2 3.4 na na na na 
n3798-04 163.8 199.3 66.1 1.22 3.78745 1.25 0.27745 0.99 0.79 0.099006 0.76 1605.5 14.1 1590.1 10.1 1578.5 13.9 -1.9 na na na na 
n3798-05 78.3 60.9 26.1 0.78 3.20764 1.48 0.25430 1.02 0.69 0.091482 1.08 1456.7 20.3 1459.0 11.6 1460.6 13.4 0.3 na na na na 
n3798-06 85.1 70.5 28.6 0.83 3.18522 1.50 0.25467 1.01 0.67 0.090710 1.11 1440.5 21.0 1453.6 11.6 1462.5 13.2 1.7 na na na na 
n3798-07 69.5 70.6 24.7 1.02 3.15864 1.63 0.25840 1.01 0.62 0.088654 1.28 1396.7 24.3 1447.1 12.7 1481.7 13.4 6.8 na na na na 
n3798-08 30.3 21.9 9.9 0.72 3.12014 2.02 0.25119 1.01 0.50 0.090089 1.75 1427.4 33.0 1437.7 15.6 1444.6 13.1 1.3 na na na na 
n3798-09 28.3 37.8 10.5 1.34 2.90348 2.83 0.25331 1.01 0.36 0.083130 2.64 1272.3 50.7 1382.8 21.6 1455.5 13.2 16.1 na na na na 
Sample U16-21-Tapes Chico quartz syenite                 
U16-21@1 133 229 20 1.72 0.79802 2.75 0.0963 2.46 0.89 0.06009 1.23 606.7 26.4 595.7 12.5 592.8 14.0 2.3 6.43 0.55 -26.32 2844 
U16-21@02 124 388 24 3.14 0.79531 1.70 0.0963 1.51 0.89 0.05987 0.79 599.0 17.1 594.2 7.7 592.9 8.6 1 6.34 0.56 -30.39 3062 
U16-21@03 120 176 18 1.47 0.81303 1.73 0.0979 1.50 0.87 0.06022 0.85 611.7 18.3 604.2 7.9 602.2 8.7 1.6 6.46 0.53 -29.01 2995 
U16-21@05 191 284 29 1.49 0.81471 1.64 0.0984 1.51 0.92 0.06007 0.64 606.3 13.7 605.1 7.5 604.8 8.7 0.2 6.32 0.58 -27.05 2893 
U16-21@06 182 275 28 1.51 0.82762 1.63 0.1001 1.50 0.92 0.05998 0.63 602.7 13.6 612.3 7.5 614.9 8.8 -2 5.45 0.56 -52.03 4221 
U16-21@07 145 222 23 1.53 0.84686 2.07 0.1016 1.76 0.85 0.06048 1.10 620.8 23.5 622.9 9.7 623.5 10.4 -0.4 6.68 0.56 -30.81 3109 
U16-21@08 91 87 12 0.96 0.80988 1.75 0.0990 1.50 0.86 0.05932 0.90 578.9 19.5 602.4 8.0 608.7 8.7 -5.1 6.02 0.56 -27.88 2941 
U16-21@09 135 201 20 1.49 0.79481 1.72 0.0959 1.50 0.87 0.06009 0.83 606.9 18.0 593.9 7.8 590.5 8.5 2.7 6.46 0.55 -27.85 2924 
U16-21@10 169 295 26 1.74 0.79714 1.76 0.0966 1.55 0.88 0.05985 0.84 598.2 18.0 595.2 8.0 594.4 8.8 0.6 6.44 0.55 -29.08 2993 
U16-21@11 208 320 31 1.54 0.79696 1.63 0.0967 1.51 0.92 0.05978 0.63 595.5 13.5 595.1 7.4 595.0 8.6 0.1 6.54 0.53 -28.21 2947 
U16-21@12 135 126 18 0.93 0.81036 1.79 0.0983 1.59 0.89 0.05982 0.82 596.9 17.7 602.7 8.2 604.2 9.2 -1.2 6.11 0.56 -28.8 2986 
U16-21@13 123 136 16 1.10 0.76842 1.84 0.0933 1.56 0.85 0.05975 0.97 594.5 20.9 578.9 8.1 574.9 8.6 3.3 5.89 0.6 -27.69 2903 
U16-21@14 63 44 8 0.70 0.82853 1.84 0.1006 1.50 0.82 0.05975 1.06 594.4 22.8 612.8 8.5 617.8 8.9 -3.9 6.21 0.53 -34.9 3322 
U16-21@15 58 80 26 1.37 4.45162 1.59 0.2976 1.50 0.94 0.10848 0.53 1774.1 9.6 1722.0 13.3 1679.5 22.3 5.3 6.24 0.55 -12.75 3067 

















































































































































• Mesoproterozoic siliciclastic-ultramafic belt bordeing the Río de la Plata Craton 
• Deposition in a retroarc foreland basin between 1.36- .25 Ga  
• Provenance from an active, ophiolite-bearing Kibaran orogen and Archean rocks 
• Affinities with Namaqua terranes of the Kalahari Craton 
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